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Additions to Galapagos Fungi 


G. W. MARTIN! 


IN CONNECTION with the investigations on 
tropical deterioration conducted by the Quarter- 
master Corps of the United States Army, oppor- 
tunity was afforded for a brief visit to South 
Seymour Island, in the Galapagos group, in 
early September, 1945, in company with Dr. E. 
§. Barghoorn and Mr. R. T. Darby. 

Traveling by plane from the Canal Zone, we 
also made short stops at Salinas, Ecuador, and 
Talara, Peru. In all three areas samples of tex- 
tiles, chiefly tentage, paulins, sandbags, and 
camouflage cloth, which had been exposed in the 
course of service, were collected. All of these 
regions are extremely arid, and it seemed worth 
while to attempt to learn what fungi had been 
able to attack fabrics under such conditions. 
That deterioration had occurred was abundantly 
evident from the state of the material sampled 
and, while the relative importance of biological 
agencies as compared with chemical and physi- 
cal factors in causing such deterioration is diffi- 
cult to evaluate, the suggestion is very strong 
that in fabrics in contact with or near the soil, 
the bulk of the deterioration is due to fungi. 

Since cultures were to be made from all sam- 
ples, a supply of previously sterilized test tubes, 
bottles, and heavy paper folders was carried, and 
all samples were placed in such sterilized con- 
tainers at the time of collection. In each local- 
ity, a few hours were available for miscellaneous 
collections, and these also were placed, when- 
ever it was suspected that cultures might profit- 
ably be made, in such sterile packets. The fol- 
lowing account treats only of those samples 
taken in the Galapagos. 





“Professor of Botany, State University of Iowa, lowa 
City, lowa. Manuscript received May 13, 1947. 


South Seymour Island is small, roughly trian- 
gular in shape, about 5 miles long and 314 miles 
wide in the southern portion, separated from 
the much larger Indefatigable (Santa Cruz) 
Island to the south by a narrow strait scarcely 
Y mile wide. It is relatively low, although in 
the southeast it fronts the sea with precipitous 
cliffs arising abruptly for 200 feet. The surface 
is extremely irregular, with volcanic boulders of 
every size making progress difficult, except on 
the excellent roads. 

Svenson (1946) has recently published an 
extensive account of the vegetation of all three 
areas visited, and more than a casual mention 
of particular features connected with the fungi 
would be superfluous. The average annual rain- 
fall on South Seymour Island is less than 4.5 
inches, virtually all of it falling in the first 4 
months of the year. Yet, despite this and the 
numerous goats roaming the island, vegetation 
was surprisingly abundant in early September. 
The two most conspicuous plants are Bursera 
graveolens (HBK) Triana & Planch., a small, 
pale-barked tree, and a columnar-trunked Opun- 
tia, presumably O. insularis Stewart, but there 
are numerous other woody species, including the 
dark-green Scutia spicata (Willd.) Weberb., 
looking like a juniper or yew at a short dis- 
tance, and several legumes, one of which was in 
bloom at the time, its bright yellow flowers at- 
tracting numerous bees. Everywhere there is 
evidence of what must be a rather abundant 
growth of grass in the rainy season. 

The only extensive account of Galapagos 
fungi appears to be that of Bonar (1939), who 
cites the scanty earlier reports (four species 
under five names) and reports 59 species and 
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varieties represented in the material he studied, 
one of which is duplicated in an earlier report, 
making a total of 62 species or varieties from 
the archipelago. None of the species reported 
by Bonar was recognized in the collections here 
noted. 

All Myxomycetes and a majority of the other 
fungi were developed in moist chambers in Iowa 
City. The collections were removed from their 
sterile containers or wrappings, put into sterile 
Petri dishes with flamed forceps, wet with ster- 
ile carbon water, and incubated at room temper- 
ature. In several dishes Myxomycetes fruited in 
3 to 5 days after wetting. Molds usually ap- 
peared a little later. On the other hand, several 
species of Myxomycetes were slow in appearing 
but, once started, continued to develop over a 
considerable period. 

In the listing which follows, species marked 
with an asterisk are those which developed in 
moist chambers. The numbers given are my own 
collection numbers. All specimens are deposited 
in the herbarium of the State University of 
Iowa. Where material permits, portions will be 
distributed to other institutions. A number of 
species not listed here are in the hands of vari- 
ous specialists for study. 

Acknowledgments: 1 am indebted to Dr. H. 
K. Svenson for determination of host species, to 
Dr. G. R. Bisby for determining the Hysterogra- 
phium and for comments on other specimens 
examined by him, to Dr. L. E. Wehmeyer for 
describing and illustrating the new Phaeopelto- 
sphaeria, and to Dr. D. P. Rogers for determin- 
ing the Sebacina. 


MYXOMYCETES 


* Arcyria cinerea (Bull.) Pers. 

On dead wood of Bursera, 6314, 63227; on 
thorns of Scutia spicata, 6318. This is the small, 
slender, long-stalked phase of this common spe- 
cies which is often encountered in the tropics. 


* Two numbers listed as occurring on the same sub- 
stratum indicate two different collections. 
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*Badhamia affinis Rost. 


On wood of Bursera, 6329. The early fruit. 
ings, which began to appear the third day after 
wetting, were typical. Later fruitings tended to 
be smaller, with smaller spores, relatively longer 
stalks, and a somewhat physaroid capillitium, 
but the manner of appearance was such as to 
suggest that all arose from the same plasmo. 
dium, although the plasmodium itself was not 
observed. 


*Badhamia gracilis Macbr. 


On dead stems of Opuntia, 6326. Cacti and 
yuccas are favorite substrata for this species. 


*Clastoderma Debaryanum Blytt 
On wood of Bursera, 6311. 


*Comatricha elegans (Racib.) Lister 
On wood of Bursera, 6315, 6324. 


*Cribraria languescens Rex 


On wood of Bursera, 6310. Originally wet on 
October 17, 1945, the wood on which this grew 
produced this species later in the same month. 
Still later, it bore six additional species of Myxo- 
mycetes (6311 to 6316) but no more C. lan- 
guescens until it was allowed to become com- 
pletely dry in January, 1947. It was again wet 
with sterile carbon water about March 1, and 
by March 6 a typical fruiting had matured. 


*Cribraria violacea Rex 
On wood of Bursera, 6312. 


*Echinostelium minutum deBary 
On wood of Bursera, 6313. 


*Perichaena corticalis (Batsch) Rost. 

On wood of Bursera, 6316, 6323. This spe- 
cies appeared shortly after the wood was wet 
and continued to develop. singly or in small 
clusters for a period of about 3 months. The 
majority of the sporangia are characterized by 
a prominent circumscissile ridge marking the 
line of dehiscence, and this often joins with 4 
coarse and prominent reticulation on the upper 
surface. The spores were at first bright ochra- 
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ceous in mass, but have tended to become duller 
with age. They are uniformly warted and 10- 
ll» in diameter. The plasmodium was dingy 
on emergence, becoming dull rose just before 
transformation. Numerous mounts have re- 
vealed no trace of capillitium. P. corticalis var. 
liceoides G. Lister (1911: 251) was erected for 
forms with scanty or no capillitium and with 
few granular deposits in the wall of the peri- 
dium. Examination of a large series of collec- 
tions from numerous localities shows that these 
two characters vary independently and suggests 
that the varietal name is superfluous. This is, 
of course, even more true of the specific names 
which the varietal name was intended to super- 


sede. 


*Perichaena depressa Libert 

On thorns of Scutia, 6317. Typical, except 
that the majority of the fructifications are soli- 
tary and very small, correlated with the small 
thorns on which they developed. All are strongly 
flattened, with the circumscissile dehiscence 
characteristic of the species, and there are sev- 
eral small clusters. This material was wet on 
November 28, 1945. The Perichaena began to 
appear about a month later, and a few sporangia 
were still developing as late as April, 1947. This 
period of over 16 months is, in my experience, 
by far the longest time during which any col- 
lection has produced myxomycete fructifications. 
Also on goat dung, 6309; larger and more clus- 
tered. 


*Perichaena vermicularis (Schw.) Rost. 
On wood of Bursera, 6327. 


*Stemonitis pallida Wingate 
On thorns of Scutia, 6319. On wood of Bur- 


‘era, 6328. 
ASCOMYCETES 


*Ascophanus argenteus (Curr.) Boud. 
On goat dung, 6282. 
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*Ascophanus carneus (Fries) Boud. 
On goat dung, 6331. 


Gloniopsis sp. (Fig. 24~e) 

On the dead wood of Bursera there were nu- 
merous elongate black bodies suggesting hyster- 
othecia. These were extremely abundant, occur- 
ring on perhaps a majority of the dead branches 
seen. It was not until they were examined mi- 
croscopically that it was recognized that three 
species were involved. Two were the Hystero- 
graphium and the Phaeopeltosphaeria listed be- 
low; the third was a Gloniopsis. The hystero- 
thecia (Fig. 24) are black, fusoid, and striate, 
and most of them appear to be raised well above 
the general surface of the wood. A cross section 
(Fig. 2b, c) shows that the base is composed of 
scarcely altered wood flanked on either side by 
a black stromatic layer representing a continua- 
tion of the walls of the hysterothecium. The 
subhymenial layer is distinctly thinner than the 
hymenium. The latter is composed of densely 
compacted, gelatinous, - apparently unbranched 
paraphyses penetrated by scattered asci in vari- 
ous stages of development, only a few at a time 
bearing mature spores. The asci (Fig. 2d) are 
short-cylindrical and for the most part 4-6- 
spored. The ascospores (Fig. 2e) are oval, hy- 
aline, muriform or somewhat irregular in their 
septation, and extremely variable in size, the 
great majority ranging from 25-31» in length 
by 11-18» in width. One ascus was seen con- 
taining but two ascospores, one of which meas- 
ured 58> 20u. A number of species of Gloniop- 
sis with large spores are listed in Saccardo. Of 
these G. somala Baccarini (see Saccardo, 1928: 
1119), from Italian Somaliland, could represent 
this species, and the specimens are provisionally 
filed under Baccarini’s name. On dead limbs and 
branches of Bursera, 6245, 6254. 


Hysterographium mori (Schw.) Rehm 

On dead wood of Bursera, 6252, 6255. De- 
termined by G. R. Bisby. Dr. Bisby notes that 
No. 6252 approaches H. guaranicum Speg., as 
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described, but does not believe that it is suffi- 
ciently distinct to be worthy of recognition. 


Phaeopeltosphaeria irregularis Wehmeyer, 
sp. nov. (Fig. 1) 


In superficie caulis maculas dense dispersas, 
ellipticas, 1-1.5 mm. longas, 0.5 mm. crassas, 
tumidas, nigricantes formans; ostiolo centrali pa- 
pilliformi vix erumpenti; perithecia 300-550. 
diametro, 200-350» alta, singula in lignum sub 
maculis clypeiformibus immersa; pariete crasso, 
prosenchymatoso, ab ligno adjacenti separato; 
asci late cylindrici, 90-95» longi, 12.5p crassi, 
saepe 6-7-spori; paraphyses numerosae, fili- 
formes, persistentes, 1 diametro; sporae uni- 
seriatae, subglobosae vel ellipsoidales, 10.5-18y 
longae, 7-9» crassae, olivaceae, varie septatae, 
1-cellulae vel muriformes, cum 1-3 septis trans- 
versalibus, ad septa constrictae, cellulis ali- 
quibus verticaliter 1—septatis. 


Appearing on the surface as thickly scattered, 
elliptic, raised, blackened spots, 1-1.5<0.5 mm., 
with a central, barely erumpent, papillate 
ostiole; perithecia 300-550 200-350», im- 
mersed singly in the wood, beneath a clypeus- 
like blackening of the surface tissues; wall 
10-20, thick, prosenchymatous, free from the 
surrounding wood tissue which is somewhat 
blackened; asci stout-cylindric, 90-95 12.5y, 
with a claw-like base, and often with only 6 to 
7 spores; paraphyses numerous, persistent, fili- 
form, 1» in diameter; spores uniseriate, subglo- 
bose to ellipsoid, 10.5-18< 7-9», olive-brown, 
variously septate, one-celled to muriform with 
one to three transverse septa and one or more 





Fic. 1. 
section of a perithecium showing the clypeate blacken- 
ing of the surface; 4, ascospores, illustrating variation 
in septation; c, ascus with ascospores. 


Phaeopeltosphaeria irregularis: a, radial 
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cells with vertical septa, somewhat constricted 
at the septa. 


GALAPAGOS: South Seymour Island. Qp 
dead, decorticated wood of Bursera graveolen; 
September 6, 1945, 6251, type. 

The genus Phaeopeltosphaeria Berl. and Peg) 
(1892:139) was based upon P. caudata, on 
woody stems, which might be considered az ; 
Peltosphaeria with brown spores or a Pleospors 
with a clypeate blackening about the peri. 
thecium. It has fusoid spores which are much 
larger than those of P. irregularis. Phaeopelto. 
sphaeria panamensis Stev. and King. (Stevens 
1927:50) seems to be the only subsequently 
described species. Its spores are described 
merely as “muriform, fusiform; olivaceous or 
straw-colored; 16> 5p,” but the figures (81-83) 
given show them to be more irregularly 3. 
septate than in this species and with tapered 
rather than rounded ends. It is also found on 
leaves of Chaetochloa, and the authors state that 
it resembles the spots of Phyllachora Chaeto- 
chloae Stev. on this host. On the basis of this 
latter statement, Petrak (1929:387) claims that 
P. panamensis is a Pleospora {Pleospora pana- 
mensis (S. & K.) Petr.} and probably parasitic 
in the Phyllachora stroma. 

The collection from the Galapagos Islands is 
quite distinct from either of these described 
species. It is true that there is a variable degree 
of blackening of the tissues above the peri- 
thecia of certain species of Pleospora, but if the 
genus Phaeopeltosphaeria is to be recognized at 
all, this collection is a typical species. 


BASIDIOMYCETES 


Sebacina petiolata Rogers 


On dead wood of Bursera, 6246. Recently 
described (Rogers, 1947:99) from Cuba 
Hawaii, and the Marshall Islands. The Gala- 
pagos collection, determined by D. P. Rogers, 
was growing at the base of an old dead trunk of 
Bursera beneath the soil level and was revealed 
only when the trunk was pulled over. On the 
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basis of examination with a hand lens it was 
recognized in the field as probably a Sebacina 
and so entered. Early in October it was soaked 
and put in a moist chamber and a scanty but 
adequate spore-print was secured. Rogers 
describes the spores as “evenly oblong to ellip- 
soid-oblong, 9-11X6-7.5p, or ellipsoid-sub- 
globose, 7-9X6-8y.” This description is in 
close agreement with that of spores found in 
mounts from the dried specimen. The spores 
from the spore-print are almost all globose, 
10-11» in diameter. 

The only other Basidiomycetes collected are 
a unique, rough-spored Coprinus isolated from 
goat dung and a small Plewrotus which appeared 
on Bursera wood. Both were secured in pure 
culture. The Coprinus fruits readily in culture, 
and has been referred to Dr. A. H. Smith for 
detailed study. The Plewrotus has thus far failed 
to form fructifications. 


FUNGI IMPERFECTI 
*Helicosporium guianensis Linder 


Referred to this species on the basis of the 
yellow color of the conidia in mass; the slender 
conidiophores, 4.54 in diameter below, with a 
tendency to slightly swollen, rounded tips; the 
branching, bladder-like projections on which the 
spores are borne; and the size of the spores. 
Differing from the species as described (Lind- 
er, 1929: 280) in the branching of the conidio- 
phores, which is much like that of H. aureum 
(Cda.) Linder, from which species it differs, 
however, in the more slender conidiophores and 
the character of the spore-bearing branches. 
Further study may reveal that such forms merge 
by imperceptible degrees into H. aureum, but 
for the present it seems permissible to maintain 
the distinction. On thorns of Scutia spicata. 


*Memnoniella echinata (Riv.) Galloway 


This widespread species occurred in several 
cultures and was particularly abundant on dead 
Opuntia stems. 
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*Tetracrium incarnatum sp. nov. (Fig. 2f-/) 


Sporodochiis pulvinatis, pallide cinnamomeis 
vel incarnatis, 0.4-0.8 mm. diam.; conidiophoris 
elongatis, tenuatis, basibus 5p diam., apicibus 2 
diam., protrudentibus usque ad 80y; conidiis 3— 
8-digitatis, ramis radiatio-cylindraceis, plurisep- 
tatis, 45-50 longis, 3.5—4.5p latis. 

Sporodochia pulvinate to subglobose, at first 
white, becoming pale cinnamon, pallid ochra- 
ceous or flesh-colored (close to pale ochraceous 
buff of Ridgway), 0.4-0.8 mm. in diameter; 
conidiophores slender, protruding from body of 
sporodochium 60-80y, 5 in diameter at base, 
tapering to 2 at apex just below constriction 
marking junction of spore; conidia digitate, of 
3-8 multiseptate, subparallel, cylindrical arms, 
45-50 in total length, the arms 3.5-4.5p in 
diameter. 

GALAPAGOS: South Seymour Island. On dead 
stem of Opuntia sp. collected September 5, 1945, 
moistened October 25, 1945, developed January, 
1947, 6333, type. 

After the appearance of the Myxomycetes 
already noted, the material in the moist cham- 
bers became covered with various molds which 
soon disappeared and were replaced by a dense 
growth of the Memmnoniella, which appeared to 
cover the substratum completely. It was not 
until January, 1947, that the sporodochia of the 
Tetracrium were noted, although they may have 
appeared earlier. They tended to form at the 
tips of spines or other projections. The con- 
spicuously protruding conidiophores made the 
sporodochia appear, under the binocular, as 
though covered with glandular hairs. Further 
examination showed that the Memnoniella had 
been almost completely replaced by a Curvularia. 

The genus Tetracrium was established by 
Hennings (1902: 116) for a fungus from Bra- 
zil occurring on orange leaves covered with in- 
sect larvae. Hennings believed the fungus at- 
tacked the larvae first and then spread to the 
leaves and twigs. Although a few mites were 
present in the chambers, there was no evidence 
of any connection between them and the fungus 
here described. Hennings assigned his genus to 
the Mucedinaceae. Hohnel (1911: 405) re- 
examined Hennings’ material and found that it 























Fic. 2. a—e, Gloniopsis sp.: a, habit, from above, 
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was associated with the perithecia of a Putte- 
mansia, of which it was obviously the conidial 
stage. He transferred the genus Tetracrium from 
the Mucedinaceae to the Tuberculariaceae, not- 
ing the number of arms in the conidia, described 
as four by Hennings, varied from two to seven. 


Saccardo (1906: 560) compiled the name as 
Tetracium, and his error is copied by Clements 
and Shear (1931). T. Awrantia Henn., the type, 
differs from the present species in several te- 
spects, notably in color (white to chalky), in 
the much larger spores, and in the very short 
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conidiophores. HGhnel established a second spe- 
cies, T. coccicola, based on the conidial stage of 
Ophionectria coccicola (Ell. & Ev.) Berl. & 
Vogl. as described and illustrated by Zimmer- 
mann (1901:874). Im this species the three 
arms are very long, up to 240y according to 
Zimmermann, and at right angles to each other. 
Seaver (1909: 198) describes the conidia of the 
same species, using the name Scoleconectria coc- 
cicola (Ell. & Ev.) Seaver, as having three to 
five arms, each up to 150, long. It is certainly 
distinct from the Galapagos fungus. 

The species was readily secured in pure cul- 
ture. It grows rather slowly and fruits sparsely 
on most of the ordinary culture media, but 
forms good sporodochia on weak malt-extract 
agar and on agars prepared from soil—grass de- 
coction and dung decoction. 
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Records of Rare Hawaiian Decapod Crustacea 


RoBErRT W. Hiatt? 


WITHIN THE PAST YEAR four crustaceans which 
are rare or previously unknown in Hawaii have 
been collected. Since these records are of im- 
portance to both taxonomists and students of 
animal distribution, it has been deemed worth 
while to make them available. The specimens 
are deposited in the collection of the University 
of Hawaii Marine Laboratory. 


Suborder NATANTIA 
Family RHYNCHOCINETIDAE 


Rhynchocinetes rigens Gordon 

Known previously only from the island of 
Madeira (Gordon, 1936: 76) and from Ber- 
muda (Burkenroad, 1939: 310; Gurney and 
Lebour, 1941: 113), this shrimp is found on and 
just off the reef on the south shore of the island 
of Oahu, Hawaiian Islands. This species, the 
only one of the six recognized members of the 
genus known to occur in the Atlantic, has not 
been found in the Pacific previously. Since it 
has been found in Hawaii, which is the eastern 
limit of the most widely distributed Indo- 
Pacific species, it is reasonable to suppose that 
it occurs in many other Pacific regions west of 
Hawaii, but thus far it has not been recorded. 
Perhaps the late discovery of this species in an 
area in which so much collecting has been done 
may be attributed to the fact that here, as in 
Bermuda, this species occurs as a sedentary, noc- 
turnal, littoral form and thus would not be eas- 
ily collected unless suitable collecting gear were 
used. The smallest Hawaiian specimens were 
taken with the aid of a light and a dip net; the 
larger ones were taken from a fine-meshed fish 





* Department of Zoology and Entomology, Univer- 
sity of Hawaii. Manuscript received July 3, 1947. 


trap set in approximately 6 fathoms off Dia. 
mond Head, Oahu. One female specimen col. 
lected on February 19, 1947, was ovigerous. 

Hawaiian specimens ranged in length from 
55 to 115 millimeters compared to a range of 
from 80 to 97 millimeters for the specimens 
from Madeira. 

The vertical striae on the carapace are well 
developed in both sexes but are most conspicu- 
ous in the males. The third tooth behind the 
articulation of the rostrum is largest in all the 
Hawaiian specimens, as it is in the holotype 
All Hawaiian specimens have 9 ventral teeth 
on the rostrum, whereas the holotype has 8. No 
significance may be attached to this feature, 
however, because the ventral teeth on the rostra 
of the paratypes vary from 7 to 11. The dorsi 
teeth of the rostrum are arranged similarly 1 
those of the holotype. In the Hawaiian females 
the articulation of the rostrum extends less than 
half way to the strong lateral ridge, whereas in 
the holotype it extends almost to the ridge. In 
males from both localities the articulation ex- 
tends to the ridge. 

No significant differences were noted between 
the appendages of the holotype and those of the 
Hawaiian specimens except in the first pleopod 
of the females. The Hawaiian specimens have 
a broad, scale-like protuberance extending from 
the disto-lateral area of the protopodite as far 
as the basal one-fourth of the exopod. The lat- 
eral and distal margins of this protuberance art 
thickly clothed with setae. 

The branchial formula of Hawaiian speci- 
mens is identical with that of the Madeira 
specimens, which differs from the branchid 
formula of R. typus M.—Edw. in that the arthro- 
branch corresponding to the fourth pereiopod 
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Decapod Crustacea—HIATT 


(on XIII.) is absent. The total number of 
arthro- and pleurobranchs on IX. to XIV. is 
thus 10 instead of 11. Well-developed epi- 
podites occur on all the pereiopods with the ex- 
ception of XIV. 


Rhynchocinetes rugulosus Stimpson 


Although this species is known from the 
Hawaiian archipelago through a small specimen 
dredged up in 1902 (Rathbun, 1906:911) by 
the “Albatross” at French Frigate Shoals in 17 
fathoms, and another small specimen taken at 
Laysan Island in 1923 (Edmondson, 1925:6), 
a specimen taken off Oahu is the first instance 
of its occurrence among the main Hawaiian 
Islands. The species is apparently widespread 
throughout the Indo-Pacific region, having 
been first known from Port Jackson, Australia 
(Stimpson, 1860:36). Later it was collected at 
Lord Howe Island (McCulloch, 1909:310), the 
Kermadec Islands (Chilton, 1910:548), the 
Loyalty Islands (Borradaile, 1916:85), and in 
Japan (Kemp, 1925:263; Kubo, 1936: 1887). 

One male specimen 80 millimeters in length 
was taken in a small-meshed fish trap off Dia- 
mond Head, Oahu, along with two large males 
of R. rigens. This specimen is considerably 
larger than Stimpson’s type; it has 5 teeth dor- 
sally near the tip of the rostrum as compared 
to 3 for the type specimen, and it has 13 teeth 
below as compared to 12 in the type. These 
differences are probably within the range of 
variation for these variable structures. In other 
morphological aspects no differences from the 
type are apparent. 

Two of the six species comprising the un- 
usual genus Rhynchocinetes, in which the ros- 
trum is articulated with the carapace, are now 
known to occur in Hawaii. They may be dis- 
tinguished as follows: 

1. Two teeth on carapace behind rostral 
articulation; no tooth on either side of 
fourth or fifth abdominal somites above 
posterior edge of pleuron; rostrum with- 
out lateral ridge, articulation with cara- 
pace complete. .. . R. rugulosus Stimpson. 
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2. Three teeth on carapace behind rostral 
articulation; a tooth on each side of fourth 
and fifth abdominal somites above pos- 
terior edge of pleuron; rostrum with 
strong lateral ridge, articulation with cara- 
pace incomplete. . . . R. rigens Gordon. 


Family GNATHOPHYLLIDAE 


Hymenocera elegans Heller 

A female specimen measuring 55 millimeters 
in length was taken at a depth of 4 fathoms in 
a crevice in lava rock encrusted with coral 
(Porites lobata), located about 200 feet toward 
Kohala from the new dock at Kawaihae on the 
island of Hawaii. This record represents the 
second in Hawaiian waters for this bizarre 
shrimp, and the first record for the island of 
Hawaii. Edmondson (1935:17) collected the 
first Hawaiian representative in 1934 among 
the branches of a Porites sp. coral head on a 
shallow reef in Kaneohe Bay, Oahu. The color 
pattern of the present specimen was almost 
identical with the one described by Edmondson. 


Suborder REPTANTIA 
Family LATREILLIDAE 


Latreillopsis hawaiiensis Edmondson 

This species, described by Edmondson (1932: 
2) from a single specimen, has been col- 
lected in Hawaii for the second time. On Janu- 
ary 28, 1947, one of these giant, deep-sea crabs 
became entangled in the fish lines of a fisherman 
who was bottom-fishing to a depth of 500 
fathoms, 5 miles directly off Kewalo Basin, 
Oahu, and it was subsequently brought to my 
attention. Since the type specimen was taken 
at 30 fathoms and the present specimen was 
collected at 500 fathoms, it is apparent that the 
bathymetric range of this unusual crab is great. 

The greatest length of this male specimen is 
126 mm.; the greatest width is 111 mm., almost 
identical with the type specimen in size. The 
rostral spine and the supraocular spines are worn 
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down greatly. Other morphological features 
check with the original description. 

Two species of lepadid barnacles thickly 
clothe certain parts of the exoskeleton. The 
barnacles are grouped closely in the exhalant 
branchial grooves and on the mouth parts. 
Many others are attached to the pereiopods and 
to the carapace and abdomen. These same bar- 
nacles occur on the type specimen, but are much 
less abundant. 

Two pereiopods, the right third and fifth, 
are severed at the fracture plane and the frac- 
tured surface contains only the darkened dia- 
phragm which indicates that the appendages 
were probably lost during the ascent of the 
animal to the surface. The remaining legs show 
no signs of recent regeneration. Round punc- 
tures at which the exoskeleton has been broken 
through are present on the merus of the right 
cheliped, on the carpus of the left cheliped, on 
the merus of the left fourth pereiopod, and on 
the merus of the right second pereiopod. Sim- 
ilar punctures were present on the type speci- 
men. 
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Diurnal Weather Patterns on Oahu and Lanai, Hawaii 


LUNA B. LEOPOLD! 


INTRODUCTION 


WEATHER FORECASTING in the Pacific area 
has been predominantly aimed at serving air- 
plane operations. On the other hand, little or 
no developmental work has been done to pro- 
vide bases for weather forecasts for agriculture. 
In Hawaii the two largest industries are agri- 
cultural—the growing of sugar cane and pine- 
apples. Techniques and organization to provide 
both long- and short-range forecasts would be 
of considerable aid to these industries. 

Though a long-continued interest in weather 
on the part of agriculturists in Hawaii is shown 
by a large number of rain gages and tempera- 
ture measurements, detailed analyses involving 
additional critical data are required to give 
accurate pictures of the variations of meteoro- 
logical elements over the diverse topographic 
areas of the islands. A better over-all descrip- 
tion of these factors is an early step in the 
development of a sound basis for local fore- 
casting. 

Hawaii, lying in the trade-wind zone, experi- 
ences relatively small, day-to-day variations in 
weather when compared with a continental 
locality in the belt of westerlies. Yet great dif- 
ferences in ecologic habitats are found within 
very short distances. Day-to-day synoptic 
changes are subtle and difficult to follow, owing 
to the wide expanses of ocean where no upper 
air data are obtainable. Particularly in such cir- 
cumstances, the study of diurnal fluctuations may 
contribute to a better understanding of the man- 
ner in which the great local differences originate. 

Figures 1 and 2 show the location of stations 
on Oahu and Lanai which are discussed in this 
paper. The profiles drawn in the direction of 


* Meteorologist, Pineapple Research Institute of Ha- 
wali. Manuscript received September 11, 1947. 


the prevailing trade wind, ENE-WSW, provide 
some picture of the topography. On Oahu, the 
two ranges of mountains are oriented nearly 
perpendicular to the trades, and, therefore, pro- 
vide barriers causing large differences in oro- 
graphic rainfall. These have been discussed in 
connection with the mean annual isohyets of 
Voorhees (1929) and by Nakamura (1933), 
Wentworth (1946), and others. 

Acknowledements: The writer acknowledges 
with thanks the help of M. H. Halstead and 
Gretchen Hastings, who assisted with the tabu- 
lation. C. K. Stidd contributed in helping with 
the drafting of the figures. Charles M. Woffin- 
den and the staff of the U. S. Weather Bureau 
co-operated by making the special radiosonde 
ascents. 


DIURNAL RAINFALL PATTERNS 


As described previously, rainfall in Hawaii 
results primarily from orographic effects on the 
trade winds, from frontal passages, and from 
easterly waves. Most “kona” storms are actually 
related to frontal passages. 

Kona weather is a local term which often is 
erroneously used to imply a condition of south 
wind. A better translation for the word kona is 
“leeward,” and in terms of weather, it implies 
a cessation of the normal northeasterly trade 
wind. This ordinarily causes a strengthening of 
onshore sea breezes. 

On the southern coast of Oahu, for example, 
northeasterly winds blow more or less continu- 
ally during ordinary trade-wind weather in spite 
of a tendency for an onshore sea breeze to de- 
velop in the afternoon. When the trade wind 
decreases, the sea breeze asserts itself. 

On even more sheltered leeward coasts an 
afternoon sea breeze is the rule, and a decrease 
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in trade wind is accompanied by an increase in 
the onshore flow. 

The trade-wind decrease is commonly asso- 
ciated with the passage of a front or pressure 
trough. In such instances, the wind direction 
over the ocean tends to change to south or 
southwest preceding the pressure trough, and 
veering to westerly in the area behind the 
trough. The tendency for reversal in wind 
direction from the northeasterly trades accounts 
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for an inflow of warmer air from lower latitudes, 

It can be seen, therefore, that “kona” weather 
cannot be interpreted as “south-wind weather” 
except in particular localities, and it follows 
that “leeward” is a more correct interpretation 
of the term. 

Frontal storms are those related to pressure 
troughs in the westerly winds aloft. This west. 
erly circulation is strongest in winter. In sum- 
mer the trade winds reach higher levels as the 
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Map of Oahu showing location of stations and day and night wind directions. 
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strength of the easterly circulation around the 
Pacific high-pressure cell increases. Pressure 
troughs in this system of easterly winds also 
move in the direction of the wind, in this case 
from the east. These disturbances, called “east- 
erly waves,” provide, in summer, decks of high 
clouds as well as an increase in height and size 
of the normal fair-weather low clouds of the 
ocean. 

The importance of convective rain in the Ter- 
ritory has not been sufficiently emphasized. 
Rain or showers from cumulus or cauliflower 
clouds are often seen over the open ocean or 
over the lower and drier portions of the Ha- 
waiian Islands, particularly in the afternoon. 
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Though well-developed thunderstorms are 
rare in the area, convective clouds built up suf- 
ficiently to yield rain are experienced during 
periods when the temperature inversion aloft 
becomes weak or disappears. The stability of 
the layer through the temperature inversion and 
the dryness of the air above the inversion 
ordinarily limit the height of development of 
cumulus clouds. 

Convective storms are sufficiently important 
to bear a local name, “naulu,” used on the 
islands of Maui, Lanai, and Molokai. It refers 
to a type of rain which occurs primarily in the 
afternoon, and which is characterized by short 
duration and high intensity. 





Fic. 2. Map of Lanai showing stations and wind directions. 











84 


Preparation of Diurnal Rainfall Curves 


Because different synoptic situations are re- 
lated to these rainfall types, separation of geo- 
graphical areas over which these types occur is 
of some interest. In order to make such separa- 
tion, diurnal rainfall curves were prepared from 
recording rain-gage records for six of the sta- 
tions on Oahu and the two stations on Lanai. 
These recording gages, with the exception of 
that at Honolulu, were installed by the U. S. 
Soil Conservation Service about 1941, and are 
maintained by the sugar and pineapple planta- 
tions. 

Certain lapses in record made it impossible 
to analyze exactly the same record period at all 
gages, but in general, the period January 1, 
1945, to December 31, 1946, was used in all 
cases except Honolulu. The Honolulu quanti- 
ties had been counted and tabulated for the 
period 1923 to 1941 by H. P. Parker of the 
U. S. Weather Bureau, who kindly allowed the 
writer to use some of his tabulations for this 
analysis. 

From the original recorder charts, the rain- 
fall amounts for stations other than Honolulu 
were tabulated hour by hour for the period of 
record. No attempt was made to adjust the 
chart total to the total recorded in the stand- 
ard rain gage which, in most installations, is set 
up adjacent to the recorder. It became apparent 
at an early stage that a short period of record at 
gages in dry localities would not yield statis- 
tically significant results comparing number of 
occurrences of various amounts of rain in indi- 
vidual hours. Therefore, all individual occur- 
rences in a given hour were lumped, regardless 
of amount of rain which fell during the hour. 
“Traces” of rain do not show up on a Ferguson 
reconnaissance type gage, so the minimum 
amount which was counted as an occurrence 
was 0.01 inch. A seasonal breakdown was 
chosen of four periods of 3 months each, start- 
ing with December, January, and February as 
the winter period. 

It was desired to determine whether there 
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was a significant difference in rain occurrenc 
at various parts of the day. In Figure 3A is the 
histogram of rainfall occurrence for individual 
hours at Kawaihapai. This station has a mean 
annual rainfall of less than 30 inches. The total 
number of rainfall occurrences in the 6 winter 
months of the analyzed record (December, Jan. 
uary, and February for 2 years) was 110. It can 
be seen that the small number of occurrences 
necessitated grouping to bring out significant 
differences between various times of day. 

For each seasonal group the number of occur. 
rences was computed for all combinations of 8 
consecutive hours, i.c., 00007 to 0800, 0100 to 
0900, etc. For purposes of statistical analysis, 
the day was broken into three 8-hour periods, 
one of which provided the maximum number 
of occurrences in any 8-hour combination. The 
graphs in Figure 3B show the resulting break- 
down for Kawaihapai. The data in Figure 3B 
are the same as in Figure 3A, merely grouped 
into 8-hour totals. 


Statistical Test for Significance 


To determine whether the maximum number 
of occurrences in an 8-hour period was signif- 
cantly different from the number in the other 
periods, a chi-square test was used. Assuming 
that the three 8-hour periods had equal chance 
of rain occurrence, the chi-square computation 
determined the number of occurrences which 
might occur in 8 consecutive hours once in 100 
times as a result of pure chance, and again once 
in 20 times. If a significantly greater number 
of rain occurrences was noted in a given 8-hour 
period than might be expected in random trials 
then the original hypothesis of equal chance for 
all hours appears untenable. In such cases we 
can reasonably assume that a causal factor 
operates to provide the observed distribution 
Obviously the statistical procedure does not tell 
us whether the period which the data represent 
was a good sample of a much longer period. 

? Hour of day in this report is in local standard time 


(LST). Times are shown on basis of a 24-hour clock, 
thus 1300 is 1:00 P.M. 
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NUMBER OF RAINFALL OCCURRENCES AT VARIOUS HOURS 
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Fic. 3. Number of rainfall occurrences at various hours at three stations on Oahu. 


The maximum number of occurrences which 
might, by pure chance, fall into a time period 
of 8 consecutive hours is plotted as a long- 
dashed line in Figure 3B at the ordinate value 
computed. The minimum number which might 
fall in an 8-hour group by chance is similarly 
represented at the computed lower ordinate. In 


the same way the number of occurrences ex- 
pected once in 20 trials is shown by short- 
dashed lines at appropriate ordinate values. 
These computed numbers required for signifi- 
cance (adjusted X* = 3.841) and high signifi- 
cance (adjusted X? = 6.635) obviously depend 
in part on the total number of rainfall occur- 
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rences, and are therefore different for each of 
the seasonal graphs. 

Inspection of Figure 3B shows that no 8-hour 
period had a significantly low or high number 
of occurrences in either the winter or fall 
periods. In spring and summer, the lower sig- 
nificance limits were just reached but no highly 
significant groups were found. 

On the other hand, at Leilehua, Figure 3C, 
highly significant maxima were reached in the 
hours 1100 to 1900 in winter, 1000 to 1800 in 
summer, and 2200 to 0600 in fall. The low 
significance line was reached in the 1000 to 
1800 period in spring. None of the 8-hour 
groups of Leilehua showed a highly significant 
minimum number of occurrences. 

Comparing the two stations, it appears that 
Kawaihapai has much more uniform distribu- 
tion of rainfall occurrences throughout the day 
than Leilehua. The former shows no consistent 
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tendency for rain in any part of the day. Lei. 
lehua, however, has a strong and significan 
tendency to receive a maximum number of rain. 
fall occurrences in the afternoon during lj 
seasons except fall. 

The other stations were analyzed in a similar 
manner, and the results are summarized in the 
following table. In explanation of Table 1, 
Kawailoa Girls’ School, for example, showed 4 
highly significant rainfall maximum between 
the hours of 2300 and 0700 in spring. At that 
season a highly significant deficiency of rain. 
fall occurred between the hours of 1500 and 
2300. In summer a rainfall maximum occurred 
between the hours of 2200 and 0600, while no 
8-hour period showed a highly significant defi. 
ciency. Winter and fall had no 8-hour periods 
which showed a large enough or a small enough 
number of rain occurrences to reach the high 
significance limits. 
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TABLE 1. HOURS OF RAINFALL MAXIMUM AND MINIMUM AT VARIOUS STATIONS 
- e.18 g HOURS OF HIGHLY SIGNIFICANT NUMBER OF RAIN OCCURRENCES 
*) = ” E 
stration | Syb| <@ | $5 
BOs) wm. | Re Rain occurrences Winter Spring | Summer Fall 
S&S| mo 0 
miles | feet feet 
Kawailoa Maximum number | None | 2300-0700| 2200-0600! None 
Girls’ 3.0°| 3,000; 300 = number | None | 1500-2300} None None 
School 
; { Maximum number None 2100-0500 | 2100-0500 | 2200-0600 
Waimea 44 | 1,000) 360/) Minimum number | None | 1300-2100|0500-1300| | None 
1 > 2.500 50 —— number | 0000-0800 | 0000-0800 | 0000-0800 | 2300-0700 
Honolulu 5. , Minimum number | 0800-1600 | 0800-1600 | 0800-1600 | 0700-1500 
Opaeula Maximum number | 2300-0700 None 2300-0700 None 
No 8 } 6.0 | 1,800 690 — number None None None None 
P Maximum number | 1100-1900 None 1000-1800 | 2200-0600 
Leilehua 10.7¢| 2,800) 920 —— number None None None None 
, . Maximum number None None None None 
Kawaihapai| 13.3/ 1,000 200 —— number None None None None 
No. 537 } 27 | 2.000! 1.450 a number None None 1400-2200 | 0900-1700 
Lanai , , 4 Minimum number None None 0600-1400 None 
No. 5519 3.7 | 2.750) 1,350 a number None 1000-1800 | 1100-1900 | 0400-1200 
Lanai ’ ° . Minimum number | 1600-2400 None 1900-0300 None 























* On windward side of Koolau Range. 
+ Situated 2 to 3 miles windward of Waianae Range. 
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Diurnal Weather Patterns—LEOPOLD 


In addition to showing the breakdown of 
highly significant 8-hour periods given in 
Table 1, the Honolulu record was sufficiently 
long to show significance in individual hours. 
Figure 3D shows the occurrences hour by hour 
for Honolulu. This provides a somewhat more 
complete picture of the diurnal curve of rain- 
fall occurrence for a station receiving predom- 
inantly trade-wind orographic or nocturnal rain. 

At appropriate ordinate values a long-dashed 
line shows the number of occurrences necessary 
in an individual hour for high significance. 
That is, if we assume all hours have an equal 
chance for rainfall, there is less than one chance 
in 100 that random drawing would provide an 
individual hour with a larger number of occur- 
rences. Similarly, the lower dashed line shows 
the lowest number an individual hour should 
receive in 100 trials of random drawing. 


Comparison of Diurnal Rainfall Curves at 
Various Stations 

It is evident that certain stations have a rain- 
fall maximum during the night, which is gen- 
erally associated with a minimum in the after- 
noon. Stations having nocturnal maxima are 
Honolulu, Kawailoa Girls’ School, Waimea, and 
Opaeula No. 8. The opposite case is a maxi- 
mum in the afternoon and a minimum during 
nighttime hours. This group includes No. 537 
Lanai, and Leilehua. Kawaihapai has no sig- 
nificant difference between hours. No. 5519 
Lanai shows an afternoon maximum in spring 
and summer. 

The four Oahu gages which lie near the 
Koolau Range, including Kawailoa Girls’ 
School on the windward side, show nocturnal 
maxima. The two gages at some distance from 
the Koolau Range—that is, Leilehua and Kawai- 
hapai—showed either no significant difference 
between hours or an afternoon maximum. 

The difference is the dominance of orographic 
tain from the trade winds as against convective 
showers. The latter are an afternoon phenome- 
non while trade-wind orographic precipitation 
occurs primarily at night. 
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Lanai, as an island, is much drier than Oahu 
and shows other peculiarities due to the fact 
that it is partly in the rain shadow of the much 
higher island of Maui. Both recording gages 
on Lanai have afternoon rainfall maxima. 
Though they are relatively close to the moun- 
tains, which are just upwind, apparently the 
overall rainfall deficiency on Lanai due to the 
rain-shadow effect diminishes the importance of 
orographic trade-wind showers. Opaeula No. 
8 lies twice as far from the mountain crest as 
the Lanai gages, yet still shows nocturnal 
maxima. It will be noted, however, that Opaeula 
No. 8 had no highly significant hours of rainfall 
minima. This should probably be interpreted 
as an indication of diminishing importance of 
orographic rains owing to the distance from 
the crest. 

Again, Leilehua lies only 2 miles upwind of 
the crest along the central mass of the Waianae 
Range. The station nevertheless shows pre- 
dominantly afternoon rainfall maxima. Kawai- 
hapai lies some distance downwind of the lower 
northerly nose of the Koolau Range. It is 2.7 
miles upwind of an 1,800 foot crest of the 
Waianae Range. Lack of highly significant 
periods of rainfall indicates the mixed effect of 
orographic and oceanic rain with convective 
showers. The explanation might lie in the few 
total occurrences of rain, but this was tested by 
increasing the length of record and the results 
still gave no significant hours. 

The diurnal rainfall characteristics of Lei- 
lehua and the Lanai gages emphasize the im- 
portance of the desiccation of air by the barrier 
over which the air is forced to rise. The eleva- 
tion of the band of maximum rainfall on East 
Maui and on the volcanoes of Hawaii clearly 
demonstrates this principle. Yet the dominance 
of afternoon or convective rainfall even at the 
base of the windward slopes of the Waianae 
Range and so close to leeward of the Lanai 
Range is a little surprising. 

The statistical results presented above from 
the limited number of recording rain gages are 
borne out by the experience of many observers. 








WIND DIRECTION 


The diurnal wind patterns for Oahu and 
Lanai are shown in simplified form geograph- 
ically in Figures 1 and 2. The full arrows show 
the normal daytime surface wind direction, and 
the dotted arrows the night winds. The regime 
at Waianae is from non-instrumental observa- 
tions only, but the wind changes shown on the 
map for other places are all established by re- 
cording wind vanes. 

The locations of good records of wind direc- 
tion are unfortunately distributed. A plethora 
of records exists in the Honolulu—Pearl Harbor 
area, though space does not allow all locations 
to be shown on the map of Figure 1. The data 
clearly establish the fact that there is usually 
no diurnal change in wind direction in the 
Honolulu area. This is true also at Aiea and 
Pearl Harbor. Yet only a short distance away at 
Waipahu a northwest night wind clearly shows 
up as the usual thing. 

All stations in the southern part of Oahu have 
a southerly afternoon sea breeze when the large- 
scale pressure gradient is weak and wind speeds 
low. These conditions characterize what is 
locally called “kona weather” on Oahu, when a 
general tendency for light southerly wind per- 
sists. 

Kaneohe, on the windward side of Oahu, 
shows no diurnal change in wind direction. 
Wheeler Field has the most variable wind, but 
during the day it is usually northeasterly, and 
in the night, northwesterly, north, or sometimes 
southerly. Waianae has a very definite afternoon 
sea breeze sufficiently strong on most days to 
give a westerly onshore wind, in direct opposi- 
tion to the tendency for a trade wind. 

It appears that sea—valley and land—mountain 
winds affect the wind direction over most of the 
westerly third of Oahu. Complete reversal of 
wind direction occurs only on the protected lee 
coast which lies down-trade wind of both the 
two mountain ranges. A nocturnal land—moun- 
tain wind prevails both at Waipahu and Waia- 
lua. 
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A definite sea-breeze front can be found even 
on the small island of Lanai nearly every sum. 
mer day. Owing to the low mountain range and 
the generally dry weather, little vegetation 
grows on the lower parts of Lanai. The leeward 
plateau is nearly completely planted to pine. 
apple. This gives rise to strong surface heating 
and results in a well-marked sea-breeze regime 
The map in Figure 2 shows the daytime wind 
directions and the mean position of a standing 
sea-breeze front. Directly above this front is a 
daytime cloud which can be seen on many an 
afternoon, its position moving a little from day 
to day depending on the strength of the sea 
breeze. This cloud is certainly the result of ris- 
ing air above the place where the sea and trade 
winds meet. A similar cloud line above the 
meeting place of sea and trade winds is charac. 
teristic of West Molokai. 

The diurnal rainfall regime directly related 
to wind patterns is very clear on the big island 
of Hawaii. Along the Hamakua coast of the 
windward or northeast side of the island, there 
is a definite mountain wind at night from the 
west, and in early morning a small cloud bank 
parallels the coast just offshore. The writer has 
noted the sea breeze begin at 1100 at the eleva- 
tion of 4,000 feet near Umikoa, and with this 
wind clouds blow in from the coast and rain 
begins about noon. The rain or drizzle ends in 
the late afternoon and it clears up about night- 
fall, remaining clear at Umikoa all night. The 
same phenomenon was noted by Dutton (1883) 
in the Kona districts of Hawaii. 


SURFACE WIND SPEEDS 


Average diurnal curves of wind speed for 
various stations are presented in Figure 4 
Kaneohe Naval Air Station is located on a pen- 
insula projecting windward from the island 





mass, and approximately represents conditions | 


over the open ocean to the windward of the 
islands. It is apparent that all stations show 4 
maximum wind speed in the afternoon, but the | 
island stations show slightly lower maximum | 


Diurnal 


———— 


MPH. 


THOUS. FEET MSL 


HEIGHT 











n- 
nd 


ns 


a 
he | 


























































































Diurnal Weather Patterns—LEOPOLD 89 
IN Pp 
FIG. 4A WINTER SURFACE - 0. SPEEO SUMMER FIG. 48 
ae 
‘ . “ad ke. 
KANEOHE Vv ie 
“ JULY 1946, i 
ences JAN. 1947 ie. 
—_, seilins 
Py *< 
=z 10 10 Zz. + 
7 . 
a 4 a tf Q MAKIKI 
y en ee wairanu —s/ Y a fant pe 
— P JUNE ‘asasey . 
2 ence / aie. 2 ‘ onal 
w «| WAIPAHU . ee ats sa 4 
& | san ssaee & f _ ee 4, 
ey 7 
° ° ° 
= | . / oe 
al WAIALUA / 
wy ‘ ee WALALUA 
¢ f macins re ee JUNE @ AUG. 1946 
Jan. 1945 
° 6 12 18 24 6 tT LE) - 
FIG. 4C HEIGHT OF TEMPERATURE INVERSION e eammenens om meee 
2 a ne > » MAY 12 TO JULY 9, 1947 
— JUN 194 
=a . x MEAN FOR WOVEMBER 1946 
- a Sy ° MEAN FOR SEPTEMBER (946 
2 dl 
= 8 “fr  — o MEAN FOR AUGUST (946 
w “sg + MEAN FOR NOVEMBER 1946 AT WEATHER 
~ SHIP “BIRD DOG", SO°N, 140°W LOCAL 
avpemencs. Stan 4 TIME FOR THAT LONGITUDE 
7) | = a @ EAN FOR SEPTEMBER 1946 AT WEATHER 
> “an ° SHIP “BIRD DOG" 
26 a a 
é on 
it Jf \ e 
| \ j 
5 / | 
: A | \<: JE 26,47 
= | j ~ 
=, ie i 
ie) 6 12 18 24 
} HOUR OF DAY LOCAL STD TIME 








Fic. 4. Diurnal changes of surface wind speed and of the height of the temperature inversion. 


speeds than the open ocean (Kaneohe). The 
night winds at island stations are of much lower 
speed. It is quite clear, therefore, that the 
strong diurnal change in wind experienced by 
island stations is the result of a nocturnal reduc- 
tion in speed relative to that over the open 
ocean. 

At Waialua the daytime wind is of moderate 
speed from the east-northeast. The nocturnal 
wind is light and from the southeast. The vector 
which must be added to the trade wind to pro- 
duce the observed night velocity is from the 
southwest or from the Waianae Range. 


At Waipahu the northwest night wind must 
be caused by a vector from the west added to 


the trade wind. This westerly component again 
comes from the direction of the Waianae Range. 

Honolulu experiences no diurnal change in 
direction but lower speeds at night than during 
the day. A sea-breeze component would tend to 
reduce the daytime wind speed while a land 
breeze should increase the nighttime speeds. 
Therefore, the real winds must be still greater 
during the day and less at night than the ob- 
served winds. 

Part of the diurnal speed changes at Kaneohe 
must be due to sea—land-breeze effects which 
would tend to produce the observed winds, with 
greater speeds during the day than at night. 


Surface friction would account for the slightly 
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lower daytime speeds over the land than over 
the ocean (Kaneohe). 

These observations indicate that the diurnal 
speed changes cannot be attributed to the sea— 
land-breeze regime alone. The effect of sea— 
valley and land—mountain winds is apparently 
strongest in the vicinity of the Waianae Range. 
This is particularly apparent by the comparison 
of Waipahu and Aiea. Part of the explanation 
probably lies in the fact that the Waianae 
Range, in the rain shadow and much drier than 
the Koolau Range, is covered in its lower 
reaches by a more sparse and xerophytic vege- 
tation cover than are the moist foothills of the 
Koolau. This could give rise to greater heating 
and cooling effects on the lower layers of air. 

The higher wind speed during the day is 
ordinarily attributed to transfer of momentum 
from higher wind speeds aloft to lower levels 
through increased daytime mixing as a result 
of greater instability. In the case of the island 
stations, a very stable layer is produced at night 
immediately above the ground surface as a result 
of radiative heat loss. The development of a 
nocturnal surface temperature inversion is ap- 
parent in many individual Honolulu soundings® 
and shows up in the mean sounding for January 
presented in Figure 5. Obviously this near- 
surface stability will be much more pronounced 
over land than over water, and explains the large 
reduction of nocturnal speeds over the land. 

The depth of the layer of low nocturnal 
speeds also points to stability as the explanation. 
Figure 6 shows the wind speeds at the four pibal 


* A sounding is a measurement of pressure, tempera- 
ture, and relative humidity aloft. It is plotted in the 
form of a graph of temperature vs. pressure as in Fig- 
ure 5. Relative humidity at various pressures is usu- 
ally entered on the graph. A sounding is taken by 
release of a small radio transmitter (radiosonde) 
carried aloft by a balloon filled with helium. Signals 
indicating the three types of measurements are trans- 
mitted by the radio and picked up by a radio receiver 
on the ground. The words “radiosonde observation” 
are sometimes abbreviated to “raob.” Such observa- 
tions are made twice daily by the Weather Bureau at 
Honolulu. 





PACIFIC SCIENCE, Vol. II, April, 1943 


or rawin* scheduled times at Honolulu. It js 
apparent that the diurnal change aloft is smaller 
but in opposite phase to that of surface wind 
The mean thickness of the ground inversion js 
roughly the same as the depth through whic 





















































the large diurnal wind-speed changes occur. 
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Fic. 5. Soundings above Honolulu. 


Since the strong diurnal change in speed is| 
measured at all stations, even at Wheeler Field | 
(elevation 850 feet), and is observed at still | 
higher localities in central Oahu, it appears that | 
the nighttime speed reduction is a near-surface 
phenomenon. It must occur in a layer some- 
what less than 500 feet thick, just above the 
general land surface regardless of the topog- 
raphy. Insufficient observations are available to 
determine whether this is true for mountain | 
crests. 


‘“Pibal” is the abbreviation for pilot balloon. 
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“Rawin” means upper wind observations by means 
of radar. In each case, a balloon filled with helium is | 
released, rising at a constant rate. Its position in space 
is tracked by observing it from the ground, through 4 
telescope in the case of a pilot balloon, or by a radar 
set in case of a rawin. By plotting its position at 
evenly spaced time intervals, the movement can 
computed and thus the wind speed and direction at 
each level can be determined. Upper air winds are 
measured four times each day by the Weather Bureau 
at Honolulu, twice by pilot balloon (visual tracking 
of the balloon), and twice by rawin. 
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THE TEMPERATURE INVERSION AND ITS 
DIURNAL CHANGE 


As an example of a summertime sounding, 
the September 14, 1946, radiosonde flight of 
1730 LST (0400 Greenwich time) is plotted in 
Figure 5. The base of the subsidence inversion, 
marked on the graph, was at an elevation of 
5,380 feet above mean sea level. The tempera- 
ture increased 1.6°C. through the inversion 
which is exactly the mean magnitude for 44 
soundings in the summer of 1947. Together 
with the accompanying rapid decrease in mois- 
ture at or near the same level, the inversion is 
apparently quite sufficient to limit the top of 
trade-wind clouds. Although direct correlation 
of cloud tops with the temperature inversion 
has not been made locally by means of airplane— 
meteorograph soundings, it is common observa- 
tion that the low-cloud tops in the area are at 
quite a uniform level over the ocean even when 


they are cumuliform in character. Moreover, the 
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Fic. 6. Wind speed at Honolulu—surface and 
aloft. Averages from pilot balloons for August, 1946. 
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writer's own observations indicate that the 
height of cloud tops over the mountains is not 
much different than the general level of the 
cloud tops over the open ocean. The writer 
made a rough check with crude thermometers 
on the slope of Haleakala, the 10,000-foot 
mountain of East Maui. On the road to the 
summit, an inversion of temperature of 3°C. 
was easily distinguished, and it represented very 
closely indeed the cloud tops prevailing at the 
time. 

Until more careful measurements are made, 
it may be assumed that, as in the well-authen- 
ticated situation in Southern California (Nei- 
burger, Beer, and Leopold, 1945), the tempera- 
ture inversion is the top of the low cloud deck, 
and that the additional height of orographic 
clouds over the mountains is not of a large 
magnitude. 

The co-operation of the U. S. Weather Bureau 
was solicited to obtain additional upper air data 
by special radiosonde flights. During a 2-day 
period, June 26 and 27, 1947, four extra flights 
were made, which, in addition to the regularly 
scheduled radiosondes, provided one ascent 
every 6 hours. The heights of isotherms and the 
inversion for the 2 days of special ascents are 
shown in Figure 7 plotted as a time—height 
cross section. On these particular days the sub- 
sidence inversion did not continue unbroken 
through the night, but as shown to be common 
in Southern California, disappeared at one level 
and reformed nearly simultaneously at another. 
The nearly isothermal layer at 7,500 feet, 1800 
LST June 26, already indicated the beginning 
of the inversion which was well established at 
7,700 feet at 0530 the following day. On the 
26th the inversion base reached its maximum 
height at 1030, and on the 27th at about 1500. 

The height of the inversion base for these 2 
days has been replotted on Figure 4C. The 
mean heights of the inversion base for the 
months of August, September, and November, 
1946, are plotted on the same Figure 4C at 
scheduled radiosonde times, 0530 and 1730 LST. 
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Unfortunately, two soundings a day were not 
flown during 1946 until November. The mean 
heights for a period during the summer of 1947 
are also plotted. 

Using the average inversion heights at sched- 
uled radiosonde times at Honolulu, the times of 
maximum and minimum heights for the 2 days 
of special observations can be used to approxi- 
mate a mean diurnal curve of inversion height 
which has been drawn on Figure 4C. 
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Fic. 7. Time—height section above Honolulu Air- 
port, June 25 to 28, 1947. 

The heights of the inversion at the weather 
ship “Bird Dog” (lat. 30°N., long. 140°W.) 
indicate a gradual slope upward to the west from 
California to Honolulu, as was noted by Von 
Ficker (1937) for the Atlantic and discussed 
by Neiburger (1945). Using the data on inver- 
sion height at Los Angeles collected by the Cali- 
fornia Stratus Investigation of 1944 (Nei- 
burger, Beer, and Leopold, 1945), the mean 
slope from California to ship “Bird Dog,” a 
distance of 1,250 miles, is 1/1600. From “Bird 
Dog” to Honolulu, a distance of 1,300 miles, the 
slope is 1/3100. These slopes corroborate well 
the estimate made by Neiburger and check Von 
Ficker’s measurements over the Atlantic. 

The stratus ship just off the coast at Los 
Angeles showed the inversion base to have its 
maximum height about 0630 local standard 
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time for that longitude, and minimum aboy 
1300. The weather ship “Bird Dog” showed ; 
mean height of the inversion base higher x 
0630 than at 1830, the local times of her radio. 
sonde flights. Without intermediate sounding, 
it is impossible to estimate exactly when the 
maximum and minimum occur at that location, 
The hypothetical mean curve for Honolulu in. 
dicates that the maximum height occurs about 
1100 LST and the minimum about 2200. Since 
a radiosonde released at the Weather Buren 
Station at the Honolulu Airport drifts west- 
southwest with the trade wind over the ocean 
during its entire flight, the sounding represents 
lee-side conditions more oceanic than insular. 
A general check on a daytime maximum inver- 
sion height is provided by observations of 
Powers and Wentworth (1941) on the slopes 
of Mauna Kea. From Pohakuloa, above the 
cloud deck, they noted a daytime increase in the 
height of the cloud top, which receded to lower 
levels at night. 

The diurnal variation in the height of the 
temperature inversion was attributed by Neéei- 
burger (1944, 1945) primarily to the result of | 
sea—land-breeze effects together with lesser ef-| 
fects of advection and surface heating. He pos- 
tulated that the sea breeze increased the wind 
speed over the coast causing the inversion over 
the coastline to lower during the day, the air 
escaping inland through the mountain passes. 
Nighttime land—mountain breezes flowing 
toward the ocean caused the inversion gradually 
to rise during the night. This explanation fits 
less well the conditions over Honolulu than Los 
Angeles. First, the sea and land breeze does 
not appear to be stronger than on the coast of 
the continental land mass. The island is small, 
and its opposite sides lie within short horizon- 





tal distances. Yet there are no direct indications 
of large variations in the inversion over these 
short distances. Second, the inversion is consid- 
erably higher over Honolulu than over Cali-| 
fornia, which would tend to minimize the} 
diurnal height changes resulting from sea—land- 
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breeze effects. Yet the magnitude of the diurnal 
change in height, admitting a very incomplete 
record at Honolulu, appears to be greater at 
Honolulu than at Los Angeles. Third, the dif- 
ference in inversion height between scheduled 
radiosonde times at the ship “Bird Dog” is 
greater than that for the west coast and less than 
the difference at Honolulu. It is in the same 
phase as that at Honolulu. These heights and 
those of California stations are summarized in 
the following table. 

Thus it appears from limited data that the 
diurnal curve of the temperature inversion does 
not fit easily into the explanation which appears 
reasonable for the California coast. There is 
apparently a diurnal change in height over the 
open ocean, felt by near-coast and insular loca- 
tions, which is not explained by sea—land-breeze 
effects. 

The same kinds of diurnal temperature 
changes in the atmosphere aloft above the inver- 
sion were noted at Honolulu as were described 
for California (Leopold and Beer, 1947), ice. 
an appreciable warming during the daytime. 
There is still some question whether this 
measured diurnal temperature change in the free 
air aloft is real or whether insolational heating 
of the radiosonde provides an appreciable por- 
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tion of the increase. If these cyclical tempera- 
ture changes prove to be real, they might indi- 
cate a diurnal cycle of vertical motion quite un- 
related to sea—land-breeze effects which would 
affect the height of the inversion. 


RELATION BETWEEN VARIOUS DIURNAL 
PHENOMENA 


Loveridge’s (1924) curves for the diurnal 
variation of rainfall for Honolulu, 1905-23, are 
well verified by Parker's tabulations (see p. 84) 
for the same stations for 1923-41. The occur- 
rence of trade-wind rains primarily at night has 
been discussed by Loveridge (1924) and Jones 
(1939). The former noted the out-of-phase 
relation of surface wind speed at Honolulu and 
the rainfall. With the night wind speed ex- 
plained by stability in the lower layers, the ques- 
tion is raised concerning the relation of rainfall 
to the temperature inversion. It might be argued 
that the lower cloud tops at night which should 
accompany a lower nighttime inversion would 
reduce the tendency for precipitation at the 
same hours. The effect of cloud height alone is 
probably minimized by the fact that none of the 
clouds providing the trade-wind rain reach into 
freezing temperatures. 

Wind speeds aloft actually increase some- 


TABLE 2. DIURNAL CHANGES OF TEMPERATURE INVERSION—LOS ANGELES TO HONOLULU 
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SAN 
STRATUS SANTA SHIP 
CLEMENTE U.C.L.A. « » | HONOLULU 
ISLAND SHIP ANA BIRD DOG 

Miles from local coast| 60 off shore | 10 off shore 5 inland 8 inland 0 
Maximum height in 

PFET 2,300 1,600 1,850 1,600 8,400 
Minimum height in 

ee oo aa a 1,700 1,100 1,200 750 6,300 
Time of maximum 

 Perrer 0630 0630 1100 0800 1100 
Time of minimum 
Serer 1130 1300 2200 1930 2200 
Difference in height 550* 

0530-1730 LST feet 300 400 200 650 540+ 700 























* Ship “Bird Dog’’ data for November, 1946; ¢ “Bird Dog’’ for September, 1946. 


Notes: 


Honolulu data for November, 1946, and May-June, 1947. 


California data for ‘‘ship period,’ 2 weeks in September, 1944. 


Times are local standard for respective longitudes. 
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what at night and are directly out of phase with 
inversion heights, as can be seen by comparison 
of Figure 4C and Figure 6. Though the aver- 
age increase is small, it appeared in September 
data as well as in the August data presented in 
the figure. That these changes of wind speed 
are related to the lower inversion at night is in- 
dicated by a simple calculation of hydraulics. 
Using the shape of the curve of Figure 4C and 
the plotted points showing mean heights of the 
inversion base for individual months, the maxi- 
mum and minimum heights of the inversion 
were estimated for August and September, 1946. 
The diurnal curves of wind speed at various 
levels aloft presented in Figure 6 for August, 
1946, were similarly computed for September, 
1946. 

Assuming no compression, the mean wind 
speed below the inversion should increase as the 
inversion decreases in height if energy is to be 
conserved. The ratio of wind speeds should be 
the same as the ratio of inversion heights if the 
inversion is a surface through which parcels of 
air do not pass. Table 3 presents these ratios. 

The diurnal curves of wind speed could not 
be drawn for elevations above 2,000 feet be- 
cause clouds limited the height of pilot-balloon 
observations. Nevertheless, the ratios are suffi- 
ciently close, considering the limitations of the 
data, to indicate that the diurnal variations of 
wind speeds aloft are the result of diurnal 
changes of inversion height as would be ex- 
pected from theoretical considerations. 

Loveridge (1924) and Jones (1939) attrib- 
ute the nocturnal rainfall at Honolulu to the 
radiative cooling at the top of the clouds. 


TABLE 3. RATIOS OF MAXIMUM/MINIMUM INVERSION HEIGHTS AND RATIOS OF WIND 
SPEEDS, HONOLULU 
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Soundings from Honolulu Airport are too fx 
from the mountain crest to be representative of 
conditions in the orographic clouds. However 
some nocturnal cooling at all levels seen in the 
Honolulu soundings is probably also true ove, 
the mountains with additional cooling nex 
cloud tops. Cooling at all levels implies a lowe; 
lifting condensation level or a lower cloud bay 
at night than in the daytime. This is verified 
by observation. Higher nocturnal wind speeds 
aloft probably mean more turbulence and larger 
droplet size. All these factors would tend tp 
provide a nocturnal maximum of rainfall. 

In so far as the city of Honolulu is concerned, 
many rain showers result from the blowing of 
rain droplets considerably leeward of the edge 
of the cloud producing them. Higher wind 
speeds would again tend to a nocturnal rainfall 
maximum in the city. 


SUMMARY 


The importance of convective shower activity 
in areas leeward of the main zone of orographic 
rainfall has not hitherto been brought out 
Afternoon maxima of rainfall are observed in 


the center of the leeward plateau of Lanai and | 


along the west edge of the Wahiawa saddle of 
Oahu. This implies that convective showers are 
an important source of moisture in many of the 
drier parts of the islands where only a moderate 
part of the moisture has been dropped from the 
air as a result of prior orographic lifting. It is 
likely that too much moisture has been extracted 
to give many local convective showers in the 
Lualualei area, though no gages were available 
there for analysis. Such areas must depend on 




















MAXIMUM AND RATIO MAXIMUM/ RATIO OF MAXIMUM/ _ 
PERIOD MINIMUM INVERSION MINIMUM INVERSION MINIMUM WIND SPEEDS 
HEIGHT IN FEET HEIGHT AVERAGE 500—2,000 FEET 
Auge, 1946. 2. 1 7.208 } 1.39 1.23 
Sepeember, 1946. . . ‘ 8,000 } 1.33 1.44 
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Diurnal Weather Patterns—LEOPOLD 


the less frequent kona storms for important 
sources of rainfall. 

The subsidence inversion of temperature oc- 
curs at higher elevations over Honolulu than 
over Los Angeles. The inversion has a diurnal 
change in height similar to certain coastal sta- 
tions in Southern California. The local sea breeze 
shows up only on the lee or well-protected parts 
of Oahu and Lanai. Because of the small size of 
the islands and the considerable height of the 
inversion, diurnal changes in this height as a 
result of convergence in the sea breeze seem 
a less likely explanation for Honolulu than for 
Los Angeles. 

Diurnal changes in surface wind speeds are 
consistent over the islands. The nocturnal speeds 
are very much less than those over the open 
ocean. This is apparently explained quite ade- 
quately by nocturnal stability in the lower layers. 

Wind speeds aloft increase slightly at night 
and the magnitude of this increase corresponds 
to that which would be expected by the changes 
in height of the inversion. 
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Report on the Flora of Pingelap Atoll, Caroline Islands, Micronesia, and 
Observations on the Vocabulary of the Native Inhabitants: 
Pacific Plant Studies 7* 


HAROLD ST. JOHN? 


INTRODUCTION 


THE SCIENTIFIC literature concerning the bot- 
any of the Caroline Islands, Micronesia, is al- 
ready of considerable extent. It includes check 
lists and ecological accounts of most of the high 
islands, a check list of Micronesia, and a floris- 
tic treatment of the woody plants. In the Caro- 
line Islands only five island groups contain high 
islands. These are Palau, Yap, Truk, Ponape, 
and Kusaie. They have extensive floras, and as is 
natural, these have received the most intensive 
botanical investigation. 

The atolls and low coral islands are much 
more numerous in the Carolines than are the 
high islands. These single coral islands or island 
clusters are 43 in number. Strange as it appears, 
no detailed report has been published on the 
flora of any one of these low islands. During 
the Christmas period of 1945 the writer led a 
four-man mission from the University of Hawaii 
on a 3 weeks’ scientific reconnaissance of Micro- 
nesia. It was made possible by the courtesy and 
assistance of the United States Navy, which pro- 
vided transportation by airplane and ship, and 
other facilities. 

While returning from Kusaie to Ponape on 
board the navy vessel LCI 567, it was possible 
to make a brief stop on December 27, 1945, at 
Pingelap Atoll, which lies about halfway be- 
tween the two larger islands. It was stormy 





* This is the seventh of a series of papers designed 
to present descriptions, revisions, or records of Pacific 
island plants. The preceding papers were published 
as: Bernice P. Bishop Mus., Occas. Papers 17(7), 
1942; 17(13), 1943; 18(5), 1945; Amer. Fern Jour. 
35: 87-89, 1945; Torrey Bot. Club, Bul. 73: 588, 
1946; Pacific Scé. 1: 116-118, 1947. 

*Chairman, Department of Botany, University of 
Hawaii. Manuscript received September 5, 1947. 


during the night voyage, and this bad weather 
delayed the landfall from dawn to midmorning. 
The sky was murky and one rain squall after 
another drove across the sea, greatly reducing 
visibility. Nevertheless, the miraculous radar 
enabled the navigators to pick up and locate the 
island and approach with assurance, till it 
loomed up a mile ahead as a low dark line on the 
gray sea. Circling the south end the vessel ap- 
proached and lay to off the western shore of the 
larger and southernmost islet, Pingelap Island, 
just opposite the single village. 

Ready and eager to get ashore, the writer 
climbed down a rope ladder and dropped into 
the first boat to come alongside. It was a trim 
and slim two-man outrigger canoe. It was large 
enough so that even with an extra passenger 
there were still several inches of freeboard, and 
the trip to the shore was made without bailing. 
The reef was a shelving one, extending far out, 
but submerged enough so that the canoe easily 
floated all the way to the beach. Of the two 
paddlers, the one in charge was a sturdy, elderly, 
white-haired man named Sodas. Both were eager 
for the cigarettes offered them, but the driving 
rain prevented their being lighted. 

Our ship was the second to visit the island in 
4 years. Three months before, a United States 
Navy ship had repatriated some seventy-five of 
the men who had been working for the Japanese 
armed forces as forced agricultural laborers on 
the plantations on Ponape. They returned in 
want of new clothing and goods, to find their 
families and neighbors in similar need. Many 
men, women, and youths had for clothes only 
a few ragged bits of cloth. The most needy were 
clothed in girdles of leaves. Sodas appeared with 
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ragged shorts partly covered by a skirt of leaves, 
but later he changed to a better garment. 

As the little canoe grounded on the beach, a 
host of people advanced. It seemed as if an 
interminable function of handshaking was im- 
minent, but it was possible to limit it to a few of 
the elders. A chief controlled them and lined 
them up. The group of some two hundred sang 
a hearty song of welcome. It was a warm and a 
stirring reception. Lest the impression be 
gained that the reception was a great personal 
triumph, it should be made clear that curiosity 
was enough to bring many to the beach, and the 
hope that the stranger landing on the beach was 
a trader bringing cloth, thread, knives, and other 
goods, was a strong motive to bring out the 
people. Unfortunately, the few articles, knives, 
cloth, chewing gum, and cigarettes, carried by 
the botanist were only enough for the guide and 
his family. 

The village (see map, Fig. 1) stretched along 
a single straight street starting from the 
bombed church at the south end and running 
northward parallel with the west beach. Most 
of the homes were frame structures, but a num- 
ber were of thatch, as were all the outbuildings. 
Fruit trees and ornamental shrubs and herbs were 
numerous in the village, which was well kept 
and attractive. Not many other food plants were 
cultivated in the village. Fecundity of the people 
was evident, for small children appeared in 
swarms, and had to be carefully dodged when 
one walked in the village. 

East of the north end of the village and about 
midway across the island was a large swampy 
depression, at least 300 feet wide and 600 feet 
long. This had been converted into a “lepuel” 
or wet garden. Each family controlled a lot in 
it, for wet-land agriculture. At a glance it ap- 
peared to be a solid growth of Cyrtosperma 
Chamissonis, the most important starchy food 
crop. The plants were of fair size in the black, 
wet muck, reaching about 8 feet in height. 
These were not more than 2 years old. If al- 
lowed to grow to maturity at 3 years, they more 
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than double in height, and produce an enor. 
mous corm. Sodas said that the largest corms were 
2 feet in diameter and 5 feet long and so heavy 
that two men were needed to carry one. Infre. 
quent in the patch were plants of Colocasia 
esculenta, Musa paradisiaca, and Saccharum off.- 
cinarum, 

The whole island was wooded. Native plants 
were not rare, but the forest stand was of Coco; 
nucifera, which had been planted to produce 
copra for trade with foreigners. These coconut 
trees made an even canopy which, at 75 feet, 
dominated the scene. 

Second in importance as a starchy food was 
Tacca Leontopetaloides, called “miigamuk.” This 
was stated to be planted in garden patches. It 
also occurred widespread throughout the coco- 
nut plantation, where it was self-sown. From 
small tubers it persisted and apparently it spread 
also by seed, which may have been broadcast. It 
was certainly not indigenous, and did not grow 
on the top of the beaches or in any close prox- 
imity to them. 

The shallow margin of the lagoon was note- 
worthy, for there were several large patches of 
mangroves, both Rhizophora mucronata and 
Sonneratia alba. 


PINGELAP LANGUAGE 


No published or other record has been found 
of any compilation or study of the Pingelap lan- 
guage. One would expect it to be similar to the 
tongues spoken on either one of the adjacent 
large islands, Kusaie or Ponape. 

The writer’s boatman, named Sods, spoke a 
little English, so he became guide and informant 
during the brief but vigorous exploration of 
Pingelap Island. Even without an interpreter or 
a common language, it is possible to obtain the 
native names of plants from a good informant. 
The writer has succeeded in doing so on numer- 
ous Pacific islands. Soas furnished the names 
for every plant collected and for others merely 
observed. The crowds of bystanders were asked, 
and they confirmed many of the names Soas sup- 
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Flora of Pingelap—ST. JOHN 


plied. As is characteristic among unspoiled Poly- 
nesians, Melanesians, and Micronesians, from 
childhood on, every person knows the name and 
uses of essentially every plant in the flora. For 
several of the plants information was obtained 
as to their economic or ethnic uses. For some of 
the economic or crop plants, such as Cyrto- 
sperma, Colocasia, and Pandanus, this informa- 
tion was extensive and detailed. The natives 
recognize, name, and keep distinct numerous 
cultivated varieties. Names for these varieties, 
as well as for the species themselves, were ob- 
tained. Together, they make a total of 80 
names, and as examples of the Pingelap lan- 
guage have some importance. Each one has 
been studied to determine whether it appears 
in identical or modified form as a descriptive 
word or phrase in the languages of the Mar- 
shalls, Kusaie, Ponape, or Truk. Surprisingly, 
this study shows little in common with any of 
these languages, and the few identities seem 
mere coincidences. For instance, “mesaws0l” is 
a cultivated variety of Colocasia in Pingelap, 
while in Kusaie the word “meza-oual” (Lesson, 
1839:516) means the last quarter of the moon. 
Some community of significance is possible but 
seems improbable. This was the only word that 
seemed to suggest an identity. 


ALPHABET 


The plant names were recorded as heard. No 
preconceived theory of the language was used 
or convention adopted that one letter should 
represent several different sounds. The words 
were written down as they sounded to an 
American. No difficulty was experienced in re- 
cording the consonants, but a little was with the 
vowels. As indicated in the following table, 
vowels without any mark represent a long vowel, 
while the short vowels were marked, as in 4. 


Vowels used in Recording of Pingelap 
Vocabulary 


a—as a4 in father 
a—as a in hat 
e—as a in say 
é—as e in bet 


i—as ee in keep 
i—as ¢ in bit 
o—as o in snow 
6—as o in pop 
u—as # in rule 
t—as # in duck 


ETHNOBOTANY 
The flora of Pingelap Island, as here re- 


corded, includes 57 species, falling into the fol- 
lowing groups: 


Se ETSI SE ee eee rer 32 
Crop plant and cultivated or introduced 
IN II ress sececcsiscanertamenaidiesnnes 12 
RE eee 10 
PAVOUEIIO WTB on vvncccecesecccccsccssceescocosssees 3 
TIED rshctsacsinseseacsdundesoieuanbainchaatceniabetiae 57 


Of the 57 Pingelap plants all but five are now 
known to occur on the Marshall Islands. The 
ones lacking are nos. 19, 21, 23, 26, and 29 of 
the list which follows. Though the Marshalls 
lie some distance to the east, the nearest, 
Ujelang Atoll, being 243 miles to the north, 
and the most remote, Pokaakku, being 805 
miles away, still they are all atolls or coral 
islands, and, as is well known, have a flora 
mostly of wide-ranging species. 

Of the 57 Pingelap plants, 42 are also known 
on Kusaie. The species missing there are nos. 
8, 10, 12, 17, 21, 23, 26, 28, 32, 43, 44, 45, 48, 
50, and 52. Four of these are cultivated orna- 
mentals, and one an introduced weed, so their 
absence is not significant. Then, too, the flora 
of Kusaie is not as completely known as that of 
some of the other Caroline Islands. 

Of the 57 Pingelap plants, 41 are also known 
on Ponape. The species missing are nos. 8, 
10, 12, 16, 17, 19, 23, 25, 26, 27, 28, 32, 34, 
45, 48, and 50. These include three cultivated 
ornamentals and one introduced weed. 

Of the 57 Pingelap plants, 46 are also known 
on Truk. The species missing are nos. 6, 7, 8, 
17, 24, 25, 26, 27, 36, 48, and 52. These include 
two cultivated ornamentals and three weeds. 

It is quite possible that more intensive explo- 
ration and collecting on Kusaie and Ponape will 
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reveal the existence of some of these species, 
reducing the list of the missing ones. 

Some of the plants of Pingelap Atoll have 
vernacular names that are unique and local. 
Other plants, common to several of the islands, 
have names that are identical or so similar that 
they are doubtless linguistic variants. These 
are distinguished by italic type in the tabu- 
lation that follows. 
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Names preceded by an asterisk were recorded 
in the field by the writer. The others are com. 
piled from sources listed in the bibliography, 
Those mames were obtained over a span of 
more than a century and were recorded by 
French, German, Japanese, and American ex. 
plorers who all used their own orthography, yer 
the homology of their rendering of the vernac. 
ular names is striking and significant. 


TABLE OF VERNACULAR NAMES ON PINGELAP AND ADJACENT ISLANDS 















































ISLANDS AND LIST OF VERNACULAR PLANT NAMES 
PLANT SPECIES : 
Pingelap Ponape Truk Kusaie Marshall Is, 
Asplenium nidus | *seilik ngok, nuk, niik | moilukluk, *kartep, 
*mueyliklik karatup, ardap 
Nephrolepis . 
biserrata *pués rawtil emére, amare *bairik 
Polypodium 
Phymatodes *kiteu kiteu, kitiu, onnum, chichi, | kemkem,kilm, | *kino, *kwino 
kitheu, kétéu chiji, sichén klim 
Vittaria elongata | *lit *wujoét 
Pandanus sp. *kipat kipar, kipal, taip | kepar, fadj, fach | me-ale, *muang | *bop, bob 
Thalassia aba 
Hemprichii *waldt olét *wujoét in 
loidjit 
Eragrostis awn 
amabilis *rosakai *wujoet, 
*wujoich, 
*wujués, 
*ujott, 
*ujoich, ujos 
Lepturus repens | *rosakai *wujoét, 
*wujoich bugur, 
*wujués, 
*ujoét, 
*ujoich, | 
ujOj, UU) 
Saccharum 
officinarum *seu théu, wou wou, uoUu *taoh, ta *to, *dau 
Thuarea involuta | *mokarak unndém, unédm *wujoét, 
*wujoich, 
*wujués, 
*uyoét, 
*ujoét, 
*ujoich, . 
*ujdtch, ujuj, 
ujos maroro, 
*kakiimkiim 
Cyperus it itn io 
javanicus *sdpasip use nikaiinoiin, sapasap, *ujoét, 
amana, moirer *wujoét, 
*wujoét in ion 
buil 
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Natives at landing, east side of Pingelap Island. The village is just within the coconut grove. 
PHOTO BY H. I. FISHER. 





South end of lagoon, showing seedlings and forest of mangrove, Rhizophora mucronata. 
PHOTO BY H. ST. JOHIN. 





Fic. 4. Guide Soas holding penduncle, 
and standing breast high to the leaf of 
the starchy vegetable Tacca Leontopeta 
loides or “migamuk.” 


PHOTO BY H. ST. JOHN. 
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Fic. 5. Wet-land garden or “lepuel” of Cyrtosperma Chamissonis or “Muiang.” wip 
PHOTO BY H. ST. JOHN. , F 
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Fic. 6. Village street on Pingelap Island, showing plants, from the left, Pandanus sp. or “kipai”; Nephrolepis 
biserrata or “pucs’; Carica Papaya or “kaineip’; ani Cocos nucifera or “ni.’ PHOTO BY H. ST. JOHN. 


Fic. 7. Family of natives, showing the guide Soiis (man at right) and his relatives. PHOTO BY H. ST. JOHN. 








FIG. 8. Natives on village street. PHOTO BY H. 1 FISHER. Cc 





FIG. 9. Natives on beach at landing. PHOTO BY H. 1 FISHER. 
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TABLE OF VERNACULAR NAMES ON PINGELAP AND ADJACENT ISLANDS (Continued) 
ISLANDS AND LIST OF VERNACULAR PLANT NAMES 
LANT SPECIES 
, . Pingelap Ponape Truk Kusaie Marshall Is. 
Fimbristylis 
cymosa *rosakai fedil, puker *berelitchman, 
*pérérlitchman, 
perelejman, 
perijman, 
berejisman, 
*dilitchman, 
*drelisman, 
*drelitchman, 
*merelijiman, 
*malelitchmar, 
*uioét 
Cocos nucifera | *ni nt nu *nu (drinking | *ni 
nut), nou, 
kwanu, 
*kuenu 
Colocasia 
esculenta 
var. antiquorum | *sawa sawa, tSaua Sawa, sarawai, | *katak, taka *katak 
onni 
Cyrtosperma 
Chamissonis *muidng mwong pash6n, fanan, | *pashok *jaratz, *iaratch, 
pula iaraj 
C. Chamissonis 
var. *muiing an mwang en Natik 
Ngatik 
C. Chamissonis 
var. *simidin simiten *simenton 
Crinum 
asiaticum *kiép kiop, kiaup, kip, *kiép, *gquiép, 
sip gib 
Zephyranthes 
rosea *kiép 
Tacca Leontopet- 
aloides *miigamuk mokomok, mokomok, *mokmok *magamiik, 
mokamok, mokumok, *magamok, 
mokimok makmok, *makamuk, 
mokemok makmok, 
mokmok, 
mokemok, 
mokamok 
Dioscorea sp. *kep kep, kaapwalap | ep, ampul *ohkani *mata 
Musa paradisiaca | *wis (on oio, iit uch, udj *ousch, eusr, *kebrang, 
Woleai I. oune kebreng, 
called : wiss) kabrang, 
kabiran, 
*binana 
(=banana) 
M. paradisiaca 
var. *Taiwan taiwang *Taiwan banana 
M. paradisiaca 
var. *Amerika Amerika 
M. paradisiaca 
var. *lakatin nakatan *lakatan 
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TABLE OF VERNACULAR NAMES ON PINGELAP AND ADJACENT ISLANDS (Continued) 





ISLANDS AND LIST OF VERNACULAR PLANT NAMES 
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PLANT SPECIES : - eens 
Pingelap Ponape Truk Kusaie Marshall Is. 
Peperomia 
ponapensis *warin (P. spp.) 
rebijrege, 
*rabitchidraga 
Artocarpus 
incisus *mai mai, mai mat *mos, mosse, *me, ma 
mo-us, mohs 
A. incisus var. *me pa mei pa me pwo meipa 
A. incisus var. *me si méi $é me st 
Ficus sp. *kawain neen, nin awan, auon, shra, *konyah *tebero, tepero 
aiiwon, aoan, 
au 
Pilea microphylla | *re tabalok 
Pipturus 
argenteus *oroma aromé (on alko arame, *arme, 
Nomwin I.; *armai 
Hall Is. 
called: 
aroma) 
Ceodes 
umbellifera *mas 
Mirabilis Jalapa | *pesikuldk *emenawa, 
*emen aur, 
*emmen aur, 
*ulitch, ulij 
Bryophyllum 
pinnatum *]4malam 
Derris trifoliata | *kainipil kan arai unenipot, up 
Vigna marina | *nimélitip woniika *margnéjojo, 
*margonejojo, 
*margonejoyo, 
markinichojo, 
marlap, chojo 
Acalypha grandis 
var. genuina *kurulong manau manou, m6nou wut 
Euphorbia Atoto | *pélepél *builbuil, 
*builibuilikar, 
*berriil, 
*berdl, perul, 
*berau, 
*perau, 
*peiralo 
Phyllanthus 
Niruri *limaimeir limairpwong negamaur, mar kaueue 
nikammOiir, (nameless on 
amoesis most islands ) 
Allophylus 
timorensis *kitdk ngo *kitdk, *kiitak, 














*kudak, 





*kutal 
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TABLE OF VERNACULAR NAMES ON PINGELAP AND ADJACENT ISLANDS (Continued) 
ISLANDS AND LIST OF VERNACULAR PLANT NAMES 
SPECIES " . 
eed Pingelap Ponape Truk | Kusaie Marshall Is. 
— — | ____ 
Triumfetta - 
procumbens *konop kiuin, kun, | *adat, *adat, 
liodot | *atat, hatat, 
*hadat 
Sida fallax *kao sioi 1é | *kio, *keo, 
*quio 
Thespesia a 
populnea *bénne bone, pona pono, pond, *banoh, pakeena 
pona, pollo, 
béllé, okuran, 
likokon 
Calophyllum 2 . m ; ; 
Inophyllum *sepang isyo, luak, itSau | ijau, legitu, itu, eet, *etuh luech, luej, 
regits, rekich, *luét, *lués, 
rakich, rekit, *luguéz, 
wangu, mosur | *luguetz 
Carica Papaya | *kainedp momiap kippwau, kipau, | *es | *keinapu, 
kipuau | *keinabu, 
keinabbu, 
kinapu, 
kenabu, 
keinapu, 
*geinapu 
Pemphis acidula | *ka-i-ni noi engi kasugel *kungi, *gungi, 
kinik 
Sonneratia alba | *kosa koto, kawtaw, saras, salas, folofol, flofol eroeak 
kwat sales, taras 
Barringtonia 
asiatica *wi wi, ui kun, gun, guon, | kaénal, *pospus, | *wup, *wuep, 
azan poasi-poasi wop, *ob 
Rhizophora 
mucronata *ak ak, aak ak, addo, chia, 
tia 
Terminalia 
Catappa *tepop tipap, thipap, as, asas sarf *kodel, kotal, 
thipwopu kutil 
Terminalia 
litoralis *win sin sin kiking, *kugung, 
kukung, 
*kung, 
*ekkung, 
ekun 
Jussiaea suffruti- 
cosa var. 
ligustrifolia *kuri teleurak, likeinenpul, nen kut a kut 
deleurak aunenipuin, 
aiinenipwin, 
nigaulen 
Plumeria 
acutifolia *bo maria soiir *meria, *mei ria 





| (=Plumeria ) 

















(=Plumeria ) 
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TABLE OF VERNACULAR NAMES ON PINGELAP AND ADJACENT ISLANDS (Continued) 








ISLANDS AND LIST OF VERNACULAR PLANT NAMES 


—. 
——== 



































sectctiaa cee Pingelap Ponape Truk Kusaie Marshall Is, 
Asclepias 
curassavica *kimeme *kepok 
(=kapok), 
*ialu 
(=yellow) 
Messerschmidia 
argentea *sésén titin émoloset, sasran, *krin, kirin, 
amaloset, *shawshon *kurin, *girin, 
amoneset, kidrin 
chen 
Clerodendrum 
inerme *ilau tlaw ulo, apuech, *wuletch, 
apuoch, *wules, ulij 
apwoch, etiu, 
pucherik 
Premna 
integrifolia *sokiik topuk, tipik, lior, *fienket, fiankig | *kar, *gar 
awr nidr, umukau, 
umukaii 
Pseuderanthe- 
mum atropur- 
pureum *sarinairam kaiwak *jemla wulues 
Guettarda *elés ith mosor *wudilonaro, 
speciosa *wutilumar, 
*wutilomar, 
*wudilomar, 
*wudinakatche, 
wut 
Ixora 
carolinensis *kalesu katiu atiu, achiu, galusa, kalcé *kajiru, *gajiru 
achen 
Morinda 
citrifolia *olul *umpil, woipel, | nobur, nopur, *ee, e, hi *nin, nen 
weipul, kirikéi | alin, arin, nén 
Scaevola 
frutescens *ramék (on ramuk, inuk, not, nat, kusros *kiinnat, 
Woleai Is., enat amaloset *kunnat, 
called: *gunnat, 
ramakaa) konnat, 
*kennat, 
ka-na-ta, 
*kanun, 
mar kinat 
Wedelia biflora | *kisuwéll ngkau atiwot, atuat, agaia, *ekeh *morijetch, 
atuot, éadiat *marijetch, 
*marjatch, 
marajej, 
morigides, 
*markibuebue, 
*margkiwewe, 
*margiwewe, 
markueue, 
*builibuili- 
kath 
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COMPARISON OF VERNACULAR PLANT NAMES 


Analysis of these tabulations seems to reveal 
the linguistic affinities of Pingelap. 


Kusaie is the closest high island, being only 
166 nautical miles to the southeast by east. 
Actually, there is one other small island, Mokil, 
situated 60 miles northwest by west, but nothing 
is known of its flora, the people, or their lan- 
guage. Also, Ponape is situated 168 miles north- 
west by west from Pingelap, so it is not much 
farther away than Kusaie. 


Plants with Similar Names on Kusaie and 
Pingelap 
8 cultivated food crops 
1 timber tree, probably cultivated 
1 indigenous tree 
1 cultivated ornamental shrub 
1 indigenous 


12 total (out of the 42 species in common) 


Degree of Similarity: Four, or 33.3 per cent, 
with identical names. These are all cultivated 
food plants. Eight, or 66.6 per cent, with 
altered names. All, or 100 per cent, are much 
modified. 


The Marshall Islands are remote, at least 243 
nautical miles away, but are similar coral islands. 
They include in their flora 52 of the species, 
that is, all but five of the Pingelap plants. 


Plants with Similar Names on the Marshall 
Islands and Pingelap 
5 cultivated food plants 
3 cultivated ornamentals 
2 perhaps cultivated, perhaps indigenous 
3 indigenous 


13 total (out of the 52 species in common) 


Degree of Similarity: Four, or 30 per cent, with 
identical names. These contain 1 cultivated 
food plant, 1 cultivated ornamental, 1 sedge 
cultivated or native, and 1 indigenous tree. 
Nine, or 70 per cent, with altered names. Of 
these, 3 (or 23 per cent) are much modified. 


Truk, situated 600 miles to the west, is a 
group with several volcanic islands in a lagoon 
surrounded by an atoll ring with coral islets. 
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Plants with Similar Names on Truk and 
Pingelap 

11 cultivated food plants 

1 cultivated ornamental 

1 tree, medicinal, probably cultivated 

1 shrub, cultivated ornamental or native 

1 timber tree, probably cultivated 

6 indigenous 

1 shrub, native or cultivated, an economic 

fiber plant 


22 total (out of the 46 species in common) 


Degree of Similarity: Four, or 18 per cent, with 
identical names. Three of these are cultivated 
food plants. Eighteen, or 82 per cent, with 
altered names. Of these names, 4 (or 22 per 
cent) are much modified. 

The island of Ponape is fairly close, lying 168 
miles to the northwest by west. 


Plants with Similar Names on Ponape and 
Pingelap 
10 cultivated food plants 
1 timber tree, probably cultivated 
1 tree, fish poison, probably introduced 
1 tree, food plant and ornamental, intro- 
duced 
1 tree, food plant and medicinal, probably 
introduced 
11 indigenous 


25 total (out of the 40 species in common) 


Degree of Similarity: Six, or 24 per cent, with 
identical names. These contain 4 cultivated 
food plants, 1 fish poison, 1 indigenous tree. 
Nineteen, or 76 per cent, with altered names. 
Of these, 1 (or 5 per cent) is much modified. 


Comparison of these data indicates that the 
Pingelap plant names have most in common 
with those of Ponape. There are 25 plants in 
common with similar vernacular names; of 
these, 6 are identical, and of the 19 modified 
names, 18 are but slightly modified. There are 
11 indigenous plants in the list, twice the num- 
ber for any other island or group. Even these 
identities are small, as 34 of the Pingelap plants 
have different names, yet the resemblances are 
strongest between these two islands. It seems 
evident that the vocabulary of Pingelap, though 
quite distinct, has a small but definite similarity 
to that of Ponape. 
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Trukese is next in affinity, there being 22 
plants with names in common. But, it is seen 
that only 6 are certainly indigenous, that only 4 
(or 18 per cent) have precisely identical names, 
and that among the list of altered names about 
22 per cent are much modified. 

The Marshall Islands have little claim to a 
close relationship, as the number of related 
plant names is small, only 13. Of these, only 3 
are indigenous plants, and 70 per cent of the 
names are altered. Of these, 23 per cent are 
much modified. 

In Kusaie, of the plants in common, 33.3 per 
cent have identical names, but the grand total 
is only 12 species and varieties. Eight of the 
names are much modified. The total of 12 spe- 
cies and varieties is so small that the high per- 
centage of identities, based on only three species, 
is not significant. 

All in all, comparisons of these Pingelap 
plant names indicate that the vocabulary of 
Pingelap, at least in these names for common 
objects, shows some affinities to that of Ponape. 
With the other surrounding islands—Truk, 
Kusaie, and the Marshalls—the words in com- 
mon are few and the affinities slight. 


CATALOGUE OF THE FLORA OF PINGELAP 


The specimens were all collected by H. St. 
John on December 27, 1945. The vernacular 
Pingelap name is given in quotation marks, 
followed by the author's collection number for 
the species. The names of indigenous species are 
printed in bold roman type, while those of ad- 
ventives and cultivated plants are in bold italics. 


POLYPODIACEAE 


1. Asplenium nidus L. 
“Seilik,” 21,477. 
moist tree trunks. 


Occasional, epiphyte on 


2. Nephrolepis biserrata (Sw.) Schott 


“Pués,” 21,484. On ground or tree trunks, 
in moist forest. 
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3. Polypodium Phymatodes L. 


“Kitiu,” 21,479. Common on ground oy 
trees. 


4. Vittaria elongata Sw. 


“Lit,” 21,466. On mossy bases of cocony: 
trunks, in moist woods. A common fern of 
the tropical Pacific, occurring from Afric, 
India, Burma, Malaya, and on the high 
islands from Sumatra and the Philippines 
through Malaysia and Australia, and Poly. 
nesia to the Marquesas. Apparently this col- 
lection is the first to be reported for the 
species on an atoll or a low coral island. No 
such record was known to Wagner (1945: 
74-76), though on page 76 he reported it 
on Guam, with five other fern species on: 
coconut trunk “in a shady bushy location on 
the wooded side of a limestone hill.” 


PANDANACEAE 


5. Pandanus sp. 


“Kipai.” One kind was collected, but unfor- 
tunately it was lost on the airplane trip back 
to Honolulu. Pandanus trees of good siz 
were common both on the beaches and in 
the interior. They are important to the in 
habitants, furnishing edible fruit, timber 
from the trunks, and thatch from the leaves 
My native informant, Soas, could not re 
member all, but furnished the names of the 
following species or kinds: 
(1) “Asibuirék” 
(2) “Nanagaisal” 
(3) “SOnumei” 
(4) “Nanagasak” 
(5) “Aisésewil” 
(6) “Maukosdkosok” 
(7) “Muisamuis” 
(8) “Esiés” 
(9) “Suioibueibuei” 
(10) “Arawa-an,” or “Arawan” 
(11) “Muisigél” 
(12) “Meikilikil” 
(13) “Luaramtik” 
(14) “Tobodin” 
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No. (1) resembles the varietal names 
“Ajbirik” of Ailuk Atoll, “Ajibuiruk” of 
Majuro Atoll, and “Agiwirok” of Jaluit 
Atoll in the Marshall Islands. No. (10) re- 
sembles “Eruan” of Ailuk Atoll, Utirik Atoll, 
Mejit Island, Majuro Atoll, Namu Atoll, 
Jaluit Atoll, and Likiep Atoll, and “Erwan” 
of Wotje Atoll, and Jaluit Atoll. No. (13) 
resembles “Loarmai” of Ebon Atoll. No. 
(14) resembles “Tibitin” of Majuro Atoll, 
and “Tabatin” or “Tabawdin” of Ebon Atoll. 


HYDROCHARITACEAE 


6. Thalassia Hemprichii (Ehrenb.) Aschers. 
“Walat,” 21,458. Small plants in sand, sub- 
merged in shallow sea water off outer beach. 
The young plants were sterile, but by exami- 
nation of the foliar anatomy, identification 
was reasonably certain. 


GRAMINEAE 


7.Eragrostis amabilis (L.) Wight & Arn. 
“Rosakai.” Not collected, but observed. 


8.Lepturus repens R. Br. 


“Rosakai” (the name of any grass or grass- 
like plant). Observed, but not collected. 


9.Saccharum officinarum L.—Cultivated. 


“Seu.” Observed, but not collected. Small 
clumps were grown by the huts or houses in 
the village, and occasional plants were seen 
in the extensive wet field or “lepuel” for 
Cyrtosperma culture. The vernacular names 
of the five cultivated varieties were: 

(1) “Kala” 

(2) “Sowesasa” 

(3) “Palau” 

(4) “Teimos” 

(5) “Ieseng” 


10. Thuarea involuta (Forst. f.) R. & S. 


“Mokariak,” 21,465. Repent on sands near 
beach. 
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CYPERACEAE 
11.Cyperus javanicus Houtt. 
“Sapasap,” 21,471. Edge of fresh swamp. 
Used to perfume coconut oil. 
12. Fimbristylis cymosa R. Br. 
“Rosakai,” 21,491. In woods by lagoon 


beach. 
PALMAE 
13.Cocos nucifera L—Cultivated and spon- 
taneous. 


“Ni.” Observed, but not collected, abundant. 
Various growth stages of the nut are named, 
as: 
“Pén,” the drinking nut, or two-thirds 
grown 
“Aring,” the ripe nut 
“Par,” the sprouted nut 


ARACEAE 


14. Colocasia esculenta (L.) Schott var. anti- 
quorum (Schott) Hubb. & Rehd.—Cul- 
tivated. 

“Sawa.” Observed, but not collected. A few 
plants were seen, but they were grown in 
the Cyrtosperma “lepuel” almost as speci- 
mens. It is a crop of very minor importance. 
The seven following varieties were distin- 


guished by name: 
(1) “Bokor” 
(2) “Tawang” [?Taiwan} 
(3) “Mesawsdél” 
(4) “Koso” 
(5) “Sawa Pingelap” 
(6) “Sauk” 
(7) “Pemeru” 

15. Cyrtosperma Chamissonis (Schott) Merr. 

—Cultivated. 


“Muiang.” Observed, but not collected. The 
most important food crop. Near the center 
of the island was a large swamp that possi- 
bly had been enlarged by digging. It seemed 
to be 300 feet wide and more than 600 feet 
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long. Within this low, wet garden, or 
“lepuel,” each family controlled a plot and 
each year fertilized it with leaves and trash. 
The “lepuel” was thickly planted to “Mui- 
ang.” The natives reported that the crop 
matured in 3 years, but could be harvested 
any time after 1 year. If allowed to grow to 
maturity, the corm attained large size, as 
much as 2 m. in length and 6 dm. in diam- 
eter and a weight so heavy that two men 
were needed to carry it. Five varieties were 
cultivated, and were known by the follow- 
ing vernacular names: 


(1) “Muiang An Ngatik” 
(2) “Muian Sdéntdl” 

(3) “Nane Pakéleman” 
(4) “Simidin” 

(5) “Sériséng” 


The name of No. (1) refers to Ngatik 
Island, a coral island 200 miles westward of 
Pingelap. 


AMARYLLIDACEAE 


16. Crinum asiaticum L—Cultivated. 


“Kiép.” Observed, not collected. Seen only 
as a cultivated plant in the village. 


17.Zepbyranthes rosea (Spreng.) Lindl— 


Cultivated. 
“Kiép.” An ornamental, by the houses; ob- 
served, not collected. 


TACCACEAE 


18. Tacca Leontopetaloides (L.) Ktze—Rev. 


Gen. Pl. 704, 1891. 
Leontice Leontopetaloides L., Sp. Pl. 313, 
1753. 
T. pinnatifida Forst., Char. Gen. 70, t. 35, 
1776. 
“Miigamuk,” 21,480. Cultivated and spon- 
taneous. Commonly planted, also persisting 
and spreading in the woods, abundant. Stem 
fibers used in plaiting hats. The tubers are 
an important source of starchy food. They 
are grated, the pulp washed in three changes 
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of sea water, washed in fresh water, then 
discarded. The starch which accumulates as 
a sediment is dried and preserved for use as 


food. 


DIOSCOREACEAE 


19. Dioscorea ?korrorensis R. Knuth 


“oF 


“Kép,” 21,481. Cultivated in village, the 
stems climbing on a tree. Tuber edible, said 
to attain a maximum size of 1 m. in length, 
and 3 dm. in diameter. The plant was ster- 
ile, but the vegetative parts match well those 
of D. korrorensis. 


MUSACEAE 


20. Musa paradisiaca L.—Cultivated in village 


and in the wet “lepuel.” 
“Wis.” Numerous plants were seen and they 
were vigorous and productive. They repre- 
sented both the subsp. mormalis Ktze. and 
the subsp. sapientum (L.) Ktze., and in- 
cluded the following named varieties: 


(1) “Latin” 
(2) “Amerika” 
(3) “Usigaras” 
(4) “Iyeman” 
(5) “Lakatan” 
(6) “Taiwan” 
(7) “Kiki” 
(8) “Panilo” 
(9) “Manila” 
(10) “Wuseak” 


Obviously Nos. (2), (3), and (9) bear 
names indicating foreign origin, and per- 
haps No. (1) does also. No. (5) is the ver- 
nacular name on Jaluit Atoll for Pandanus 
Lakatwa Kanehira. No. (2) is reported by 
Lt. Comdr. S. H. Elbert in his Trukese dic- 
tionary to be the “Lady Finger” variety. 


PIPERACEAE 


21. Peperomia ponapensis C. DC. 


“Warin,” 21,475. On coral stone wall in 
moist forest, near lagoon beach. Medicinal, 
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the pounded, fleshy leaves being used as a 
poultice for boils. Few of the Pacific atolls 
support Peperomia, so this locality record is 
noteworthy. 

The specimen was submitted to and iden- 
tified by Dr. T. G. Yuncker as P. ponapensis. 
The collector had also studied this species, 
deciding that it was the most similar one, 
but that the plants from Pingelap differed in 
having the leaves averaging smaller, mostly 
not 3-5 cm. long; and the fruit smaller, 
0.5-0.6 mm. in diameter. These differences 
are still evident, but in a genus with so many 
microspecies, he has no desire to add an- 
other, so accepts the determination as P. 
ponapensis. Ponape is an adjacent high 
island, lying 168 miles west by north. 


MORACEAE 


.Artocarpus incisus (Thunb.) L. f., Suppl. 


411, 1781. Cultivated. 

Rademachia incisa Thunb., Vet. Akad. Stock- 

holm, Handl. 37: 254, 1776. 

A. communis Forst., Char. Gen. 101, 1776. 
Sitodium-altile Parkinson, Jour. Voy. En- 

deavour 45, 1773. 

A. altilis (Parkinson) Fosberg, Wash. Acad. 

Sci., Jour. 31: 95, 1941. 

“Mai.” Observed, but not collected. Abun- 
dant and vigorous, the trees attaining a 
height of 20 m. or more. 

Variety with Seed-bearing Fruit: 

(1) “Mei sabarék” 

Varieties with Seedless Fruit: 

(1) “Meipa” 
(2) “Mei si” 

There is confusion concerning the bino- 
mial for the breadfruit, and it is not asserted 
that these words will settle it, but they are 
given in justification of the name adopted. 
Rademachia incisa Thunb., published in 
1776, was little used, while Artocarpus com- 
munis Forst. of 1776 provided the accepted 
generic name and the combination Artocar- 
pus incisus (Thunb.) L. f., made in 1781, 
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furnished the binomial that won almost uni- 
versal acceptance (as A. incisa) for more 
than a century. Then Merrill (1906: 43) 
readopted A. communis Forst., listing A. 
incisa (Thunb.) L. f. as a synonym. In sev- 
eral later publications he continued this 
usage, without giving an interpretation, but 
he apparently preferred communis because 
it was published in the genus Artocarpus. 
The International Rules of Botanical No- 
menclature of that date or of this current 
date do not include a rule validating this 
choice, while Art. 4 and 5 apply, as in cases 
of doubt, authorizing the following of es- 
tablished custom, as in this case, the choice 
of A. incisus (or incisa). A final basis 
would be that of strict priority, but no one 
has yet been able to establish the exact dates 
within the year 1776 for the two publica- 
tions by Thunberg and by Forster. If biblio- 
graphic research can establish the exact 
dates, this matter will be finally settled. 

Another detail in question is that of the 
gender of the generic name Artocarpus. The 
name was published by Forster (1776: 101- 
102, t. 51, 5la) and the two Greek roots 
were given—artos, bread, and karpos, fruit 
—from which the name was derived. The 
single species A. communis was listed, but 
with no clear indication of the gender. The 
termination ws would ordinarily be mascu- 
line, but the practice of making genera fem- 
inine was so general, especially with trees, 
that one cannot now be certain that the 
Forsters decided to make the genus mascu- 
line. The specific name they used, commu- 
nis, is either masculine or feminine. There 
is no other evidence in the Forster book, in 
the index or text, that gives any indication. 
Corner states (1939: 282) that Forster sub- 
sequently used A. incisus, but the writer 
notes that G. Forster changed to A. incisa F. 
(=Forst. f.) (1786: 23), though he should 
have credited the combination to L. f. or at 
least to L. f. emend. Forst. f., as based on a 
change of gender. 
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The two simultaneously published genera 
and binomials, Rademachia incisa Thunb. 
and Artocarpus communis Forst., were first 
united in 1781 by the younger Linnaeus 
(Linné, 1781: 411-412). His choice, which 
we must accept as final (Int. Rules, Art. 56), 
was the genus Artocarpus. Though this gen- 
eric name was adopted from the Forsters, he 
chose the specific name from Thunberg and 
the present International Rules validate such 
a choice. Since he was the next author to 
publish a specific name in the genus Arto- 
carpus, he also could determine the gender 
of the name. He used the form Artocarpus 
incisus (Thunb.) L. f., which would have 
been decisive, establishing the generic name 
as masculine, had he not for the second 
species used the feminine one A. integrifolia 
L. £., which he coined anew for Rademachia 
integra Thunb., a substitution now illegal, 
but which indicated his use of a conflicting 
gender. Thus, the younger Linnaeus only 
added new confusion to the problem of the 
gender of the name. 

The next author to publish on Artocarpus 
appears to have been Lamarck (1789:207- 
210), who treats the genus in detail, includ- 
ing five species, three of them new. Of the 
five names, A. Philippensis is either mascu- 
line or feminine; A. jaca (=A. Jaca) isa 
name based both on the generic name Jaca 
and the vernacular name “Jak,” so it does 
not truly indicate the gender, but the three 
other specific names, incisa, heterophylla, 
and hirsuta, are all feminine, so this choice 
by Lamarck, perhaps following G. Forster’s 
second usage, may be accepted as determin- 
ing the gender of the generic name, and 
nearly all subsequent botanists did so accept 
it. It so stood until 1935 when the third 
International Rules of Botanical Nomencla- 
ture included a new mandatory rule, 72(2), 
applying to the gender of generic names: 
“, .. all other modern compounds ending in 
the Greek masculine carpos (or carpus) are 
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masculine.” This rule changes the gender of 
Artocarpus to masculine. It is so used by 
Corner (1939:280) but he does not dis. 
cuss the gender and he also uses the femi- 
nine name A. integrifolia L. f., as he did in 
his earlier paper in the same journal (1939: 
71, 80). 

It does not seem to be generally realized 
that Artocarpus is now established as a mas. 
culine genus, and the name for breadfruit 
is A. incisus (Thunb.) L. f. The writer is 
fully aware of the name A. altilés (Parkin. 
son) Fosberg, based on the earliest name for 
the breadfruit, Sitodium-altile Parkinson, but 
the validity of this name is still in doubt, 
and even Fosberg himself has proposed 
(1939:230-231) that Sitodium be made a 
rejected name and Artocarpus a conserved 
name. The issue is much involved, so for 
the time being, the long-established name 
Artocarpus incisus (Thunb.) L. f. will be 
retained for the breadfruit tree. 

23. Ficus sp. 
“Kawain,” 21,464. Young tree, 3 m. tall 
Fruit cooked and eaten; bark fiber used for 
fish line. Probably indigenous. 


URTICACEAE 
24. Pilea microphylla (L.) Liebm.— Adven- 
tive weed. 
“Re.” Observed, but not collected. Common 
in village on stone walls and foundations. 
25. Pipturus argenteus (Forst. f.) Wedd. 
“Oroma,” 21,486. In woods. Tree 8 m. tall, 
by 2 dm. in diameter. The bast fiber is used 
for making fish nets. 


NYCTAGINACEAE 


26. Ceodes umbellifera J. R. & G. Forst. 
“Mas,” 21,487. Tree 10 m. tall, by 3 dm. in 
diameter, in the village. There is an islet in 
the Ulithi Atoll named Mas Island. 

27. Mirabilis Jalapa L—Cultivated. 
“Pesikuldk.” Observed, but not collected. An 
ornamental, commonly cultivated in the vil- 
lage. 
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CRASSULACEAE 
28.Bryophyllum pinnatum (Lam.) Kurz — 
Cultivated. 

“Limalam,” 21,482. Ornamental, introduced 

by the Germans. Found by village street. 

The vernacular name may be geographic, 

alluding to the Lamaram Islands, lying 120 

miles west by north. 


LEGUMINOSAE 


29. Derris trifoliata Lour. 
“Kainipil,” 21,470. Vine, climbing on trees 
near beach. 


30. Vigna marina (Burm.) Merr. 
“Nimélitdp,” 21,460. Vine, trailing or climb- 
ing, top of beach. 


EUPHORBIACEAE 
31. Acalypha grandis Benth. var. genuina 
Muell. Arg. —Cultivated. 
“Kuruloéng.” Observed, not collected. An 
ornamental, grown in the village beside the 
houses or as a hedge plant, introduced dur- 
ing the German rule. 


32. Euphorbia Atoto Forst. 
“Pélepél,” 21,467. Tufted, erect; leaves glau- 
cous beneath. In grassy thicket. 

33. Phyllanthus Niruri L. 
“Limaimeir,” 21,485. Common in open 
places or in forest. Medicinal, used for treat- 
ing dysentery. 


SAPINDACEAE 


34. Allophylus timorensis (DC.) BL 
“Kitak,” 21,478. Young tree, 7 m. tall, the 
flowers white. 


TILIACEAE 


35. Triumfetta procumbens Forst. f. 
“Konop,” 21,476. Trailing on sand in open 
woods. The flexible stems provide a firm, 
shiny fiber much used, when dyed, in plait- 
ing belts, mats, etc. 
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MALVACEAE 


36. Sida fallax Walp.—Cultivated in village. 


“Kao,” 21,456. Shrub 2 m. tall. 


37. Thespesia populnea (L.) Soland. 


“Pénne,” 21,473. Tree 8 m. tall, by 3 dm. in 
diameter; flowers fading red. By lagoon 
beach. Wood of good quality, used for ax 
handles, etc.; bark fiber used for making fish 
nets. 


GUTTIFERAE 


38. Calophyllum Inophyllum L. 


“Sepang,” 21,461. Tree 15 m. tall, by 1 dm. 
in diameter. Top of beach, only a few trees 
seen, apparently introduced by the natives. 
Wood used for canoe hulls, etc. Fruit medi- 
cinal and a source of oil. The vernacular 
mame may be geographic, referring to Sai- 
pan Island. 


CARICACEAE 


39. Carica Papaya L.—Cultivated. 
“Kaineap.” Observed, not collected, com- 
mon. The vernacular name resembles “Kei- 
napu” of Namu, Likiep, Ailuk, Utirik, Mejit, 
Majuro, and Ebon in the Marshalls; and 
“Keinabu” in Aur Atoll. 


LYTHRACEAE 


40. Pemphis acidula Forst. 
“Ka-i-ni,” 21,474. Tree 7 m. tall, by 2 dm. 
in diameter. On lagoon beach. Wood used 
for handles, pipes, etc. 


SONNERATIACEAE 


41. Sonneratia alba Sm. 
“Kosa,” 21,468. Tree 8 m. tall, by 2 dm. in 
diameter, the roots with knees. A mangrove, 
growing in the shallow salt water of the 
lagoon. Wood good, used for tool handles. 


LECYTHIDACEAE 
42. Barringtonia asiatica (L.) Kurz 
“Wi.” Observed, but not collected. Prob- 
ably introduced by the natives because of its 
value as a fish poison. 
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RHIZOPHORACEAE 

43. Rhizophora mucronata Lam. 
“Ak,” 21,469. Tree 8 m. tall, by 3 dm. in 
diameter, with prop roots. A mangrove tree, 
growing in shallow salt water of lagoon. 


Good timber. 


COMBRETACEAE 


44. Terminalia Catappa L.—Cultivated. 
“Tepdp.” Observed, but not collected. 


45. Terminalia litoralis Seem. 
“Win,” 21,459. Tree 9 m. tall, by 7 dm. in 
diameter; flowers greenish; fruit 15-18 mm. 
long, ellipsoid, crimson, edible. Wood used 
for tool handles. _ 


ONAGRACEAE 
46. Jussiaea suffruticosa L. var. ligustrifolia 
(HBK.) Griseb.—Introduced weed. 
“Kuri.” Observed, but not collected. Seen 
growing in the low, wet Cyrtosperma patch. 


APOCYNACEAE 
.Plumeria acutifolia Poir—Cultivated. 
“Po maria.” This vernacular name for the 
introduced ornamental tree is clearly only 
the natives’ method of pronouncing Plume- 
via. 


ASCLEPIADACEAE 


48. Asclepias curassavica L.—Introduced weed. 
“Kimeme,” 21,490. In the village. 


BORAGINACEAE 


49. Messerschmidia argentea (L. f.) I. M. 
Johnston 
“Sésén,” 21,457. Tree 8 m. tall, by 3 dm. in 
diameter, common. 


VERBENACEAE 


50. Clerodendrum inerme (L.) Gaertn. 
“Tau,” 21,472. Shrub, the arching branches 
2-4 m. long. In forest near lagoon beach. 
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51. Premna integrifolia L. 
“Soktik,” 21,488. Tree 8 m. tall, by 2 dm 
in diameter; flowers white; fruit black. Ip 
moist woods. 


ACANTHACEAE 


52. Pseuderanthemum atropurpureum (Bull) 
Radlk.—Cultivated.- 

“Sarinairam,” 21,489. Cultivated in village. 

introduced by the Germans. Shrubs 1~4 m 

tall; flowers white, with rose-magenta Spots 

in the throat. 


RUBIACEAE 


53. Guettarda speciosa L. 
“Elés,” 21,492. Tree 7 m. tall, by 2 dm. in 
diameter. The logs used for canoe hulls 
The white, fragrant flowers used as orna- 
ments in the hair or used to perfume coco- 
nut oil. 


54.Ixora carolinensis (Val.) Hosokawa, aff. 
var. typica Fosb.—Cultivated. 
“Kalesu,” 21,463. Cultivated in the village 

as an ornamental. Shrub 5 m. tall. This does 
not match any of the several varieties de- 
scribed by Fosberg, but comes closest to the 
var. typica. 


55. Morinda citrifolia L—Growing away from 
the village, but apparently not native. 
“Obul.” Observed, but not collected. Though 
the fruit is bitter, slimy, and nauseating, the 
natives use it as an edible fruit and as 
medicine. 


GOODENIACEAE 


56. Scaevola frutescens ( Mill.) Krause 
“Ramék,” 21,462. Shrub 8 m. tall, by 2 dm. 
in diameter; flowers white; fruit white. 


COMPOSITAE 


57. Wedelia biflora (L.) DC. 
“Kisuwéll,” 21,483. Half scandent shrub. In 
moist woods, common. 
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Morphometric Characteristics and Relative Growth of Yellowfin Tunas 
(Neothunnus macropterus ) from Central America 


MILNER B. SCHAEFER! 


THE PROBLEM of whether the yellowfin tuna 
stocks inhabiting different parts of the Pacific 
Ocean are genetically independent is of inter- 
est both from taxonomic and economic view- 
points. Several species of yellowfin tuna have 
been described from the Pacific Ocean, sup- 
posedly differentiated from each other by the 
relative lengths of the fins. The determination 
of the validity of these species requires exam- 
ination of series of fish of all sizes, and of both 
sexes, to determine whether some of the descrip- 
tions may not be based on sex-connected or size- 
connected variations of a single species. Since 
the yellowfin tuna is one of the most valuable 
commercial varieties, it is of considerable im- 
portance to determine whether the groups en- 
countered in different parts of the Pacific are 
all members of one large stock which is, there- 
fore, entirely open to exploitation at any point 
in its range, or whether there are a number of 
separate stocks, in which case the exploitation of 
one would have no effect on the exploitation of 
the others. 

Approach to the problem by methods of mor- 
phometric analysis requires the examination of 
series from each of a number of different locali- 
ties. Since these fish are of large size, the few 
specimens in the various museums are insuffi- 
cient for the purpose. The only practical pro- 
cedure is to make the counts and measurements 
in the field. The area to be covered is so very 
large that it is impractical, at present at least, 
for one person to visit all the various localities. 
Therefore, it seems desirable that the data for 

* South Pacific Investigations, U.S. Fish and Wild- 
life Service. Published by permission of the Director, 


U. S. Fish and Wildlife Service. Manuscript received 
October 6, 1947. 
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the fish from a given locality be put on record 
as soon as obtained, for subsequent comparison 


with those of other places as they becom |~ |# 


available. 


MORPHOMETRIC DATA 


From late January until late June, 1947, the 
factory ship “Pacific Explorer” was anchored in 
the Gulf of Nicoya, on the Pacific coast of Costa 
Rica, for the purpose of freezing a cargo of 
tunas from the adjacent oceanic fishing grounds. 
The author was aboard this vessel and the fishing 
boats supplying the mother ship as an observer 
for the Fish and Wildlife Service until March 
7, when he was relieved by J. C. Marr. Between 





January 22 and April 15 morphometric measure- 
ments and counts were made by the author and 
Mr. Marr on a series of 46 yellowfin tuna from 
the waters off Costa Rica. These were made on| 
recently caught, unfrozen fish, either aboard the 
fishing vessels or aboard the mother ship. Data 
for each fish are tabulated in Table 1. All 
measurements are in millimeters. Specimens 
were selected according to size, so as to give a 
fairly even representation throughout the range 
of sizes encountered in this fishery. Our speci- 
mens ranged in length from 542 to 1,571 mm 
Since we are interested in determining the mor- 
phometric characteristics of fish of different 
sizes, the arbitrary selection of fish by sizes is 
justified because “the regression function does 
not depend on the frequency distribution of the 
independent variate” (Fisher, 1934:127). 
Sex was determined for most of the fish 
measured. For fish over about 650 mm. this 
was quite easy, because these larger fish were 
undergoing development of the gonads during 
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TABLE 1. MORPHOMETRIC DATA FOR COSTA RICAN YELLOWFIN TUNA 
(Specimens above horizontal line measured by author, those below by J. C. Marr.) 
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F | 4.5} 624|184|195|349)|387|164|168] 97/143] 81 | 71] 68] 20] 29] 71| 14) 8+2 8+2 {11421 
ms * Second dorsal ray is the longest. + Sixth finlet missing. t Doubtful whether +1 or +2. 
this 
were 
ring 
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this season, and many of them were in ad- 
vanced stages of maturing of the sexual products. 
The smallest fish, under about 650 mm., which 
are believed to be fish only a year old, had un- 
developed gonads and the determination of sex 
was difficult. 

Measurements were made in millimeters with 
the same slide-calipers used by Godsil and 
Byers (1944), or with dividers for short dis- 
tances such as diameter of iris or length of 
maxillary. The various measurements and 
counts were made in the exact manner described 
by these authors in their Appendix II except as 
noted below. 

Pectoral insertion to insertion first dorsal was 
measured with the tip of the fixed arm of the 
caliper at the insertion of the first dorsal fin, the 
sliding arm being brought to the anterior ter- 
mination of the dorsal margin of the pectoral 
fin. 

Length of longest (first) dorsal ray was 
measured with dividers from the juncture of the 
ray (with the fin extended) and the contour of 
the body to the tip of the ray. The longest ray 
was the first ray in all cases except two, which 
are indicated in the table. 

I refer to the “length” of the second dorsal 
and anal where Godsil and Byers use the term 
“height.” 

Length of longest dorsal finlet (the 5th or 
6th) was measured with dividers from the an- 
terior margin of the finlet to the tip of the pos- 
terior filament. The number of dorsal finlets 
and number of anal finlets were counted from 
posteriorly forward and if the last, most an- 
terior, finlet (the last two in some cases) was 
attached to the second dorsal (or anal fin) by 
a membrane, it is recorded separately from the 
count of the free finlets. Thus if there were 9 
finlets, all free, the record is 9; if there were 9 
free finlets and one attached by a membrane to 
the fin, the record is 9+-1. This seems not to 
be a very good character because of the diffi- 
culty of distinguishing between attached finlets 
and the posterior end of the fin itself. It may be 
noted that our counts tend to average higher 
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than those of Godsil and Byers, even when th 
difference in method of counting is taken into 
account. There also seems to be some difference 
between the author and Mr. Marr as to when; 
finlet is considered attached. 

The character “length of base of first dorsal’ 
would be more accurately called “first dorsal in. 
sertion to second dorsal insertion” since, follow. 
ing Godsil and Byers, that is the measurement 
taken for this character. 

Weights were usually taken with a spring 
balance reading in pounds. Fish over 100 
pounds were weighed in pounds on a platform 
scale. Some small fish were weighed on a small 
spring balance, read to 0.1 kilo. Because the 
readings recorded in pounds to the nearest 
pound were later translated to kilos, the ac. 
curacy is slightly less than indicated; individ. 
ual weights may be in error by as much as 0.25 
kilo. 


RELATIVE GROWTH 


The measurement data in Godsil and Byers 
paper (1944) are recorded in terms of body 
proportions, that is, in terms of the times a 
given measurement is contained in the body 
length, or in the head length, depending on 
the character. Body proportions have also been 
used to characterize supposed species, for ex- 
ample, by Jordan and Evermann (1926) and by 
Nichols and La Monte (1941). Where data 
from fish of different sizes are compared, this 
is unsatisfactory unless the ratio of the dimen- 
sion under consideration bears a constant ratio 
to the dimension, such as total length, which is 
employed as a standard. Where such a constant 
ratio does not exist, it is necessary to compare 
only fish of the same size or, which is more effi- 
cient, to compare the regression of the given 
character on fish length (or head length). 
Nichols and La Monte have recognized this in 
the case of the length of the second dorsal and 
anal fins and have combined a fish size with 2 
ratio of fin length to body or head length in 
drawing up species descriptions, and have made 
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some attempt to take this into account in their 
key. 

In order to establish the morphometric char- 
acteristics Of the stock of yellowfin tuna off 
Costa Rica, for subsequent comparison with 
socks from other parts of the Pacific, I have 
computed for each dimension measured the 
linear mean-square regression on the total 
length, or on the length of head in the cases 
of length of maxillary and diameter of iris. 
Where the rate of increase of the character 
measured is not proportional to the rate of in- 
crease of the total length, that is, where the 
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regression is completely specified in each case 
by the means of the two variables, the number 
of specimens, the regression coefficient, and the 
standard deviation from regression. The latter 
is also called the standard error of estimate by 
some authors. Where the regression of the orig- 
inal variables is linear we have also tabulated 
the value of the y intercept in order to facili- 
tate determination of whether the dependent 
variable may be considered to be in constant 
proportion to the independent variable. 

Over the range of sizes considered, all the 
characters measured, with the exception of the 
































the f original variables do not yield a linear regres- lengths of the pectoral, second dorsal, and anal 
rest | sion, a transformation of variables has been fins, bear a linear relationship to the length of 
ac- | made so that the new variables yield a linear the fish. That is, the rate of increase of each of 
vid- | relationship. This was necessary in three cases. the dimensions, with these exceptions, is pro- 
).25 | The rate of increase of length of second dorsal portional to the rate of increase in total length. 
and of anal fins is greater than that of total The proportion of the dimension considered to 
length, while the rate of growth of the pectoral the total length will be constant in a given case, 
fin is less than that of total length, over the however, only if, in addition, the y intercept of 
ery} 728" of sizes examined. the regression line is zero. If the intercept dif- 
ers ayes roe . ; ; 
od The statistics describing the regressions are fers from zero, the value of the proportion will 
: d tabulated in Table 2. The linear mean-square vary with the size of the fish. Only for the re- 
ody TABLE 2. STATISTICS DESCRIBING REGRESSIONS OF BODY PROPORTIONS OF YELLOWFIN 
on TUNA FROM COSTA RICA 
en — — —— a $$ —__—— —— — ———————— ————————————— 
we INDEPENDENT it ia | | 
by VARIABLE x DEPENDENT VARIABLE y x y | sx | b | a | N 
| | | 
a ane oaks | — |— 
ata |) Total length RE eee 951.6} 261.4| 4.39/0.2350 | 37.8| 46 
his Total length Snout to insertion first dorsal fin... 951.6} 282.2 5.35 | 0.2635 | 31.5 46 
Total length Snout to insertion second dorsal fin} 951.6} 503.0 11.45 0.4768 49.4| 46 
en- | Total length Snout to insertion anal fin.............. 951.6 | 563.0 7.58 0.5351 | 53.8 46 
tio Total length Greatest body depth .....................- 951.6| 243.5; 7.60} 0.2555 0.4} 46 
~. — Total length Pectoral insertion to insertion first 
| 1S | Ei SER eae: 955.1] 144.5) 5.83 | 0.1469 4.2| 44 
" Total length Length base first dorsal.................... 958.1} 222.4] 10.15 | 0.2358 | —3.5| 45 
tT Total length Length longest (first) dorsal ray...... 948.7} 112.8 5.22 | 0.1178 1.2 45 
ire | Total length Length longest dorsal finlet.............. 951.6 30.9| 2.00) 0.03361 | —1.1 46 
‘ Log total length i eae 2.9640} 253.5| 7.52] 445.9 | ........ 45 
I | Log total length Log length second dorsal fin............]| 2.9640 | 2.1361 | 0.0362| 1.694, ........ 45 
en | Log total length Log length anal fin.......................... 2.9668 | 2.1711 | 0.0414 >) = 44 
Length second dorsal fin | Length anal fin —............................ 151.2} 164.9} 17.62 | 1.150| —9.0} 44 
1). | Length of head ee 266.8| 33.7) 1.303/| 0.06038; 17.6; 35 
i. | Lensth of head Length of maxillary. 261.4) 1003) 2.17/0.3781 | 15| 46 
F Log total length Log weight (kilos) .......................--. 2.9538 | 1.1222 | 0.0266 | a poner 93 
dt — tbe anmoeencnavome ti bs 


a Logarithms are to the base 10. 
x= mean of values of x. 


10 | y= mean of values of y. 
‘y.X = standard deviation from regression (standard error of estimate). 
de | b=regression coefficient of y on x. 


a=y intercept of regression line. 
N= number of specimens. 











118 


gression of greatest body depth on total length, 
and the regression of length of longest first dor- 
sal ray on total length do the intercepts fail to 
differ significantly from zero. For the pectoral 
insertion to insertion of first dorsal, and length 
of base of first dorsal, the regressions on total 
length have y intercepts differing significantly 
but yet so slightly from zero that the expression 
of these measurements as -percentages of total 
length would result in a negligibly small error 
from this source. This is also true for the re- 
gression of length of maxillary on length of 
head. For the remaining characters, the size of 
the fish has a considerable effect on the dimen- 
sion expressed as a percentage of total length, 
and the same is true for diameter of iris ex- 
pressed as a percentage of head length. 

The lengths of the second dorsal and anal 
fins are in proportion to the 1.69 power and 
1.83 power of the total length, respectively. 
This very rapid increase of fin length with fish 
length follows the equation 


where y is the fin length, x is the total length, 
b is the value indicated in Table 2, and c is an 
arbitrary constant depending on the units of 
measurement. (Here, where the measurements 
are in millimeters, c=5.45<10~+ for the anal 
fin and c=1.3010- for the second dorsal.) 
The standard deviation from regression, con- 
verted from logarithms as expressed in Table 2 
to percentages, amounts to 8.7 per cent for the 
second dorsal fin and 10.0 per cent for the anal 
fin. If the deviations were randomly assorted 
by fish size we would expect to find in about 
one case in 100 a fish with second dorsal fin 
varying as much as 25 per cent from the aver- 
age for a given size of fish, and a fish with anal 
fin varying as much as 29 per cent from the 
average for a given size of fish. Examination 
of the data, however, has shown that the devia- 
tions are not entirely randomly assorted, but 
that they are to some degree related to size of 
fish, the variability, on a logarithmic plot, being 
somewhat greater for the larger fish. This 
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means that at the larger sizes, say over aboy 
a meter in total length, the variation may ly 
expected to be somewhat greater than th 
numerical values indicated, while for small fof 
it will be less. 

The deviations from the average for a gives 
size are not attributable to the sex of the fish 
in any case. No sexual dimorphism of fin lengrhs 
or other measurements has been found from oy 
data. 

The exponents 4 in (1) for anal fin length 
and second dorsal fin length are so nearly equi 
that the regression of the latter on the forme 
is linear or nearly so. The least-squares fit wopgince th 
this regression indicates that, on the average, for made of 
any given size in the range investigated the ana [sibility 
is somewhat longer than the second dorsal. _fudifferen 

The pectoral fin grows more slowly than the}Howev 
length of the fish over this range of sizes, |fshown 
was found that, for this range, the relationship} ticular 
between fin length y and total length x may bef snout ¢ 
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expressed in the form tion 0 
which 
y¥=446 log,, x—1068.......... (2). Le dis 


There is no recognizable difference between} and se 
the measurements of the two observers with the} likely 
single exception of the character “length of base} ence i 
of first dorsal.” Examination of the data indi- thoug! 
cates a tendency for the measurements of this 
distance by Mr. Marr to be a little smaller than 
those of the author. The statistics of the linear} In 


mean-square regressions, computed from the} the le 
data of the two observers, are: numb 
Schaefer Marr ne 
Number of specimens.. 21 24 in Ta 
Mean total length ( x equat 
> ee 1047.6 8798 
Mean length of base of 
first dorsal (y in wher 
| ee 250.0 198.1 Wis 
Standard deviation 
from regression ...... 7.35 7.29 
Regression coefficient T 


(b in Table 2) ........ 


0.2330 0.2090 | be « 
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bof, The slopes of these regressions do not differ 
y bepegnificantly from those of the pooled data, the 
théfpatistics for which may be found in Table 2. 
| fsifThe levels of the lines however, that is, the 
alues of x for a given value of y, are less in 
rivenyfhe case Of Mr. Marr's measurements and 
-fshfpreater in the case of the author’s measure- 
igthyfments than would ordinarily be expected from 
: ourftandom sampling from a population having the 
alues estimated from the pooled data. The 
ngth pprobabilities, in each case, lie between 0.02 and 
quif0.01. There seems, therefore, to be a real dif- 
mefference between the two sets of measurements. 
t tofsince the measurements by the two persons were 
, forfmade on different groups of fish, there is a pos- 
and {sibility that this difference represents an actual 
difference between the two groups of tunas. 
thebHowever, no difference between the two is 
_ |t}shown by the data on other dimensions; in par- 
hipfticular no difference between the distances of 
, bef Sout to insertion of first dorsal, snout to inser- 
tion of second dorsal or body depth, one of 
which should reflect any actual difference in 
the distance between the insertions of the first 
een} and second dorsal fins. Therefore, it seems most 
the} likely that the difference represents a differ- 
ase} ence in the measuring by the two observers, al- 
di. though it is not apparent just how this arose. 
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LENGTH—WEIGHT RELATIONSHIP 


cat} In addition to the data recorded in Table 1, 
the | the lengths and weights were determined for a 
number of specimens over the same size range, 
a total of 93 in all. The regression of logarithm 
of ‘weight on logarithm of length is described 
in Table 2. This relationship corresponds to the 
equation 


W=2.74X10* L?-9___....... (3) 

where L is the total length in millimeters and 
W is the weight in kilos. 

TAXONOMIC NOTES 


The yellowfin tuna off Costa Rica appear to 
be assignable to the species Neothunnus ma- 





119 


cropterus (Temminck and Schlegel). The speci- 
mens examined by me agree closely enough with 
the descriptions of that species in Kishinouye’s 
monograph (1923) and in Godsil and Byers’ 
paper (1944). The latter concluded that all the 
yellowfin tunas of the Pacific examined by them, 
including specimens from Costa Rica, were 
members of this single species. Nichols and 
La Monte’s data (1941) on length of second 
dorsal and anal fins for N. macropterus, which 
they consider to be a synonym of N. albacora, 
given for various fish lengths, fall within the 
expected limits of variation of the values esti- 
mated for those same lengths from the regres- 
sions in our Table 2. The only exception to 
this is their Portuguese specimen 5 feet long, 
which had dorsal and anal lobes contained 
“2.6 to 2.8 times in the length.” From our data, 
it is estimated that at this length only about 1 
per cent of specimens would have second dor- 
sals contained less than 3.9 times in the length, 
or anals contained less than 3.2 times in the 
length. 

Frade (1929, 1931) has found that there are 
rather distinct anatomical differences between 
the Portuguese yellowfin, N. albacora, and the 
Pacific yellowfin, N. macropterus. He has found 
that the air bladder of N. albacora has a large 
dorsal diverticulum, which is not present on the 
air bladder of N. macropterus according to 
Kishinouye’s description, which is confirmed by 
the study of Godsil and Byers (1944). Kishi- 
nouye’s Figure Q (page 373) also shows the 
cutaneous artery of N. macropterus arising at 
the level of the 9th vertebra, whereas that of the 
Portuguese yellowfin was found by Frade to 
arise at the level of the 8th. This difference is 
not confirmed by Godsil and Byers, however, 
who also found the cutaneous artery arising at 
the level of the 8th vertebra in their specimens 
of N. macropterus. 

Decision as to whether or not the variety of 
yellowfin tuna from the Hawaiian Islands, 
having very long anal and second dorsal fins at 
larger sizes, is distinct from the more common 
variety, and, if so, whether the difference is spe- 
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cific or only racial, must await examination of 
a series from the type locality. This fish was 
described from Hawaii by Jordan and Ever- 
mann (1926) as Neothunnus itosibi. Nichols 
and La Monte (1941) state that “at a weight of 
around 100 pounds the fin lobes . . . from the 
tropical Pacific compare in development with 
the maximum obtained by the Common Yellow- 
fin. At about 4 feet 5 to 9 inches, weighing 140 
pounds or less, the lobes are contained 2.1 to 
2.8 times in standard length . . .” These anal 
and second dorsal fins seem to be significantly 
longer than we would expect to find in N. 
macropterus, from Costa Rica at least. How- 
ever, it is also possible that the variability of 
fin length is greater among the members of the 
Hawaiian stock. Godsil and Byers’ Hawaiian 
specimens do not help with the solution of this 
problem since they were of very small size, 
537-573 mm. 

It is of interest to note that Frade (1931) 
has found that in the vicinity of Portugal there 
exist for the same size two types of N. albacora: 

. comme pour N. macropterus du Pacifique, 
il existe pour la méme taille deux types de 
N. albacora: Yun a 2° dorsale et anales longues, 
correspondant a N. macropterus forma itosibi 
et l'autre a 2° dorsale et anales courtes, cor- 
respondant a N. macropterus forma macrop- 
terus.” 

Beebe and Tee-Van (1936) consider that 

. the various nominal forms of the yellow- 
finned tuna belong to the same species, and that 
the forms typified by the large Allison’s tuna 
represent but large-finned specimens of the 
smaller short-finned individuals.” Walford 
(1937) found that among yellowfin tunas ex- 
amined in California canneries “. . . the dorsal 
and anal fins were of all lengths, intergrading to 
such an extent that it is impossible to separate 
them into two groups. In general, the largest, 
consequently the oldest fish had the longest 
fins.” 
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It seems well established that wherever ye 
lowfin tuna occur, both short-finned and long 
finned individuals are encountered, and that th; 
character is correlated with the size of the fah 
Whether racial differences in the regressions 
fin length on fish size will be found betweep 
localities we cannot say at this stage of o 
knowledge. Within the Costa Rican stock, hoy. 


E M: 
ever, as represented by the present sample, there of 1 


seems to be but a single race of yellowfin tumfesian t 
nd Gu 
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, howHE MARIANAS MALLARD, Anas oustaleti, is 
, therfine of the most interesting species of Micro- 
| tunfiesian birds. Found only on Saipan, Tinian, 
nd Guam, three small islands of the Marianas, 
is very scarce both in museum collect! ns and 
its native habitat. Special precautions, there- 
1934ere, should be taken to protect it from ex- 
Wesgermination. 
5 ani} The Marianas Mallard was first reported by 
(14) onaparte (1856) as Anas boschas a. Freycineti 
om. nud.) based on the single specimen pre- 
ed in the Paris Museum, which was said to 
pve come from “Les Isles Malouines.” Later 
snnypelvadori (1894) described the same specimen 
Bulls Anas oustaleti, but its exact abode was not 
fown until Oustalet (1896) reported six spe- 
ens from Guam. Afterwards, Hartert (1898) 
ided Saipan to its range, and Phillips (1923) 
Hded Tinian. Its habits and status, however, 
ere unknown until Japanese investigators 
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‘Dy, Pidied them after 1931. 

‘| Anas oustaleti is found in two places in 
926 mipan. One is a lagoon covered with man- 
shes groves, north of Garapan village, where Hyo- 
calif.iro Orii, my collector, obtained 11 specimens 

n 1931 and Takeo Kozima later took four more 
be bt me. The second place is a small fresh-water 
tes ond called Charan-Kanoa, south of Garapan 

fillage, surrounded by a rich growth of aquatic 
94], plants. 
m4 Tinian Island, south of Saipan, is at present 
. ¢ main habitat of this duck. Hagoi Pond, in 
the 


e northern part of that island, is a small body 


70" Of fresh water surrounded by about 40 acres 


ress, 
‘Submitted with the approval of the Chief, Natural 
ources Section, General Headquarters, Supreme 


Commander for the Allied Powers, Tokyo, ae 
nuscript received November 4, 1947. 





Notes on the Marianas Mallard’ 


YOSHIMARO YAMASHINA 


of marsh. My collectors obtained nine speci- 
mens there between 1931 and 1933. Kuroda 
obtained 10 more specimens from this locality 
in 1936, and in 1940 he received four live birds 
which he kept in his aviary in Tokyo for several 
years. According to Kuroda, his collector ob- 
served two flocks of Anas oustaleti there at the 
time, each containing 50 to 60 ducks, the largest 
flocks of this duck ever seen. 

In Guam, where Anas oustaleti was first dis- 
covered, the Marianas Mallard seems to be least 
plentiful in comparison with the other two 
islands. According to Phillips (1923) only a 
few ducks remain in the Talafofo Valley. 

In general habits Anas oustaleti resembles 
Anas poecilorhyncha (including superciliosa), 
which is widely distributed from New Zealand 
through Micronesia and the Philippines to 
China and Japan. The duck resides in lagoons 
and fresh-water ponds throughout the year, and 
according to Phillips (1923) breeds in Guam 
in January and February, at the end of the rainy 
season. On Saipan and Tinian eggs and duck- 
lings have been collected in June and July, 
which are in the dry season (Kuroda, 1942). 
Saipan natives speak of their breeding from 
January to March. Thus, this duck seems to 
breed at all seasons of the year. Kuroda (1942) 
described a nest with seven eggs taken July 4, 
1941, at Hagoi Pond, Tinian Island. It was 
found among the rushes, and was made of dead 
leaves, stems, and roots, and lined with down. 
The eggs were grayish white with a pale green- 
ish tinge, and measured 61.6 X 38.9 mm. 

Anas oustaleti has two types of plumage, one 
resembling Anas platyrhynchos, and the other 
Anas poecilorhyncha. Therefore, certain earlier 


{121} 








122 


investigators, who saw only the platyrhynchos 
type, were convinced that Anas oustaleti is a 
near relative of Anas platyrhynchos (Salvadori, 
1894), while others, who saw only the poeci- 
lorhyncha type, thought it nothing but a sub- 
species of Anas superciliosa (=Anas poecilo- 
rhyncha superciliosa) (Hartert, 1930). I was 
inclined to think, after obtaining a series of spe- 
cimens from Saipan Island, which includes adult 
males of both types, that Anas oustaleti must 
have two color phases, a platyrhynchos type and 
a poecilorhyncha type. Kuroda later proved this 
conjecture correct by observing the moult of 
living specimens (Kuroda, 1941, 1942). The 
descriptions of both types are as follows: 


A. PLATYRHYNCHOS type: 


Adult male in nuptial plumage: Whole head 
is dark green, except at the sides where buff 
feathers are plentifully intermingled, a dark 
brown streak through the eye, and faint white 
ring on the lower neck. Feathers on scapulars 
and sides of body are as those of Amas poeci- 
lorhyncha. Sides of body are vermiculated but 
some brown feathers are found even in the full 
nuptial plumage. Upper breast is dark reddish 
chestnut with dusky spots. Upper and under tail 
coverts are as in Anas platyrhynchos. Speculum 
is as that of Anas platyrhynchos, but the tips 
of the greater coverts are buff instead of white. 
Central tail feathers are more or less curled 
upward. Base of bill is black, tip is olive color. 
Iris is dark brown. Feet, reddish-orange, webs 
darker. 


Adult male in eclipse plumage: Resembles 
the eclipse plumage of Anas platyrhynchos. 


A. POECILORHYNCHA type: 

Adult male in nuptial plumage: Resembles 
Anas poecilorhyncha pelewensis from the Palau 
Islands and Truk Island, but sides of head are 
browner, superciliary stripes and ground color 
of cheeks are more buffy. Feathers on upper 
breast and sides of body are more broadly edged 
with brown. Speculum is usually violet-purple 
as in the platyrhynchos type, but in two speci- 
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mens from Saipan and Tinian, respectively, jx pecaus 


dark green as in Anas poecilorhyncha pelewempynch¢ 








sis. Tips of the secondaries are usually whigHowe' 
but sometimes very faint as in Anas poecilorhygease, b 
cha pelewensis, and in one specimen from S,pbatity ‘ 
pan they are buffy. Bill is olive color with Sorbyn 


um oO! 
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dark § 
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Anas 
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rhync 
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black spot in the center of the upper mandibj 
Iris, dark brown. Feet, dark orange, darker j 
joints and webs. 


Adult male in eclipse plumage: Same as th 
nuptial plumage. 

Thus it is apparent that the platyrhynch 
type is composed of characteristics 90 per ce 
peculiar to Anas platyrhynchos, and 10 per ces 
similar to Anas poecilorhyncha, while the pu 
cilorhyncha type reverses the percentages, beig 
90 per cent similar to poecilorhyncha and | 
per cent to platyrhynchos. Therefore, Anas on 
taleti may conceivably have originated from 





compound of Anas platyrhynchos and Anas pa ‘stripe 
Anas 

cilorhyncha stock. 
wing 


Having compared a number of both types 
find the platyrhynchos type to be less numero 
than the poecilorhyncha. In the 50 known sf 
cimens of Anas oustaleti (36 of them former 
in Japanese collections) only six specimens weft 
the platyrhynchos type. However, the ratio by’ - 
tween the numbers of both types varies on 8 
island. On Saipan, at the northernmost end @ 
its distribution, four of the six known ad 
males were platyrhynchos type, while on Tini 
only one platyrhynchos type was discover 
among 24 specimens. On Guam, the platyrh 
chos type seems to be very rare, only one havit 
been reported among about a dozen specimei} 

There have been two hypotheses advanced # 
to the origin of Anas oustaleti. Phillips (1923 
and Hartert (1930) thought it probably stea 
med from Anas superciliosa (—=Anas poecilt 
hyncha superciliosa), but this hypothesis de 
not explain the occurrence of the platyrhynch 
type. Kuroda (1941-1942) and Delacour a 
Mayr (1945) supposed that Anas oustaleti mum 
have descended from Anas platyrhynchos sto 
which arrived long ago from the ‘north, chie 
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because Anas oustaleti resembles Anas platyr- 
bynchos, especially in the color of the speculum. 
 BHowever, this assumption seems hardly to fit the 
ase, because it overlooks the remarkable simi- 
-Marity of the poecilorhyncha type to Anas poeci- 
orbyncha superciliosa, Furthermore, the specu- 
Bjum of Anas oustaleti does not always resemble 
at of Anas platyrbynchos, being sometimes 
dark green without conspicuous white edgings, 
and hence more like that of Anas poecilorhyn- 
cha superciliosa. 


On the other hand, it is well known that 


a Anas platyrbynchos can easily be crossed with 


: 7 Anas poecilorhyncha (including superciliosa), 
e é producing offspring very similar to the platy- 


rhynchos type of Anas oustaleti. In the male of 
F, offspring of this cross in nuptial plumage 
the head is green except on the sides, where 
buff feathers are mixed plentifully, with a dark 
stripe through the eye. The mantle is as that of 
Anas poecilorhyncha, but breast, sides of body, 
wwing, and tail are similar to those of Anas 
aad platyrbynchos, the central tail feathers curling 
‘ Jibackward. The female of this cross is inter- 

}imediate between the parental species, showing 
1s wel dark stripes on the cheeks found only in 
tio b Anas poecilorhyncha. A particularly interest- 
nex 88 fact is that the speculum of Anas platyrhyn- 
end & chos acts as dominant over that of Anas poe- 
| ada Horbyncha. The platyrhynchos type speculum 
hin Anas oustaleti might be derived in this way, 


} beig 
ind | 
as 0 
from 
asp 


YPés, 


rmeri 


te: and the occasional occurrence of the poecilo- 
rh rhyncha type speculum may be explained by 
havis (2¢ formation of a homozygous condition gov- 
imengy *THIng the recessive gene of the poecilorhyncha 
iced YP speculum. From these evidences we may 
192ifdeduce that Amas oustaleti originated from 
step hybridization between a local race of Amas 
vecilae Poecilorhyncha, probably formerly resident on 
's doa the Marianas, and Anas platyrhynchos stock 


ynch which straggled there occasionally from the 
north. The scarcity of the platyrhynchos type in 
j maa the southern islands strengthens this supposi- 
s stage ion. The opportunity for hybridization should 
chiefl CCur more rarely in the south, and thus more 


ur al 
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frequent back-crossing of the hybrid with the 
indigenous Anas poecilorhyncha on Tinian and 
Guam explains the superabundance there of the 
poecilorhyncha type. As the hybridization 
should have taken place more frequently to the 
north in Saipan, the ratio of occurrence of the 
platyrhynchos type is logically higher there. 
There is no evidence of previous occurrence 
of Anas poecilorhyncha (including superciliosa) 
in the Marianas Islands, but it seems logical, 
because Anas poecilorhyncha is found in the 
neighboring Caroline and Palau Islands, as well 
as in the Philippines and Japan. Neither is 
Anas platyrhynchos recorded from the Marianas, 
but its winter range reaches in the east to the 
Hawaiian Islands and in the west to Borneo 
and South India, and it winters frequently just 
north of the Marianas in the Bonin and Volcano 
Islands. Therefore, it is not unreasonable to 
suppose that Anas platyrhynchos has occasion- 
ally straggled to the Marianas, remained and 
produced hybrids with an Anas poecilorhyncha 
stock which was formerly indigenous there.” 


According to recent cytogenetical investiga- 
tions, the interspecies hybrid shows more or less 
sterility due to a dissimilarity of parental chro- 
mosome constitutions. This sterility, however, 
can be reduced by pure breeding after back- 
crossing, which forms new homozygotes hav- 
ing a chromosome constitution different from 
either of the parental species. The possibility 
of species formation in this manner was sug- 
gested by Danforth and Sandnes (1939). In the 
Marianas Islands, the habitat of this duck is 
restricted to very small ponds or lagoons found 
in each island. Consequently, the population is 
very small, and pure blood lines may be carried 
in each population occupying a certain pond or 
lagoon. The phenomenon suggested by Dan- 
forth and Sandnes (1939) seems to be realized 
by these circumstances. 
~ #1 believe Anas wyvilliana of the Hawaiian Islands 
and Anas laysanensis of Laysan Island originated from 
Anas platyrbynchos stock alone, because no dichro- 
matic phases have been reported in either species and 


there is no evidence that a second species ever occurred 
in these islands. 
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Speciation by hybridization either in natural 
or under artificial conditions is often reported 
in the plant kingdom, but it is exceedingly rare 
among animals. Anas oustaleti could have de- 
veloped only in the special environment of the 
Marianas Islands, and is therefore noteworthy 
from the viewpoint of evolution. 
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“ETHE GENUS PETROSCIRTES is one of the genera 
‘Pwhich are particularly characteristic of the Indo- 
ustralian ichthy-fauna of the western tropical 
Pacific. Aside from a single dubious record, 
Hiscussed below, Petroscirtes has not been re- 
rorted from Hawaiian waters. However, the 
_|ppiscovery of the blennoid fish described here 

establishes Petroscirtes, without doubt, as a part 
of the Hawaiian ichthy-fauna. 


f th 


Petroscirtes ewaensis new species 


Holotype. United States National Museum 
No. 133821, 87.4 mm. in standard length. Taken 
off Ewa Beach, Oahu, T. H., January 3, 1947. 
Caught in the open end of a pipe brought up 
from the bottom in 30 feet of water. 

Dorsal 46. Anal 30. Pectoral 12. Pelvic (I?) 
3. Body scaleless, slender, somewhat compressed, 
greatest depth at vent. Snout pointed, mouth 
inferior, gape extending approximately to middle 
of eye. Hind border of eye about midway in 
head length. Head 5.8 in standard length, depth 
7.0; greatest body width 13.2; dorsal fin base 
1.2, anal fin base 1.7, pectoral length 7.7, from 
snout tip to vent 2.7. Snout 3.4 in head length, 
eye 4.8, large canine tooth 5.4, interorbital 3.3, 
fifth dorsal fin ray 3.1. Single row of 45 in- 
cisors across front of lower jaw, with large 
curved canine at each side; canine received into 
socket in upper jaw when mouth closed. Single 
row of about 31 incisors across front of upper 
jaw; no canines present. Row of 4 short ten- 
tacles across base of chin. Row of 8 pores on 
top of snout from about midway between fore 
margin of eye and snout tip back to upper hind- 





‘Director, Division of Fish and Game, Territorial 
ard of Agriculture and Forestry, Honolulu, Hawaii. 
Manuscript received June 7, 1947. 
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border of opercle; 1 pore just before dorsal 
origin; 5 or 6 pores along preopercle margin; 
2 pores forward above and below and 1 be- 
hind and below eye. Dorsal origin about mid- 
way between hindborder of eye and edge of 
opercle. Dorsal, low and long, none of the rays 
elevated, not joined to caudal. Origin of pelvics 
about one-half their length ahead of gill open- 
ing. 

In life, general color a rich brick-red with two 
lateral, black-edged, iridescent blue bands. The 
upper band on dorsal part of side about its 
width below dorsal base, about equal to diameter 
of pupil of eye, extending from snout tip to just 
above eye, then back to caudal fin base and for 
a short distance out on caudal. The lower band, 
wider than diameter of eye and about as wide 
as interspace between it and upper band, origin 
on tip of snout as fine line, expands and curves 
beneath eye, widest about opposite vent then 
tapered to point on basal part of caudal. Nar- 
row, dark-edged, iridescent blue band from 
snout tip along top of head to dorsal insertion. 
Dorsal and anal brick-red; end of rays narrowly 
tipped with blue. Caudal reddish, narrow blue 
line on upper and lower edge extending pos- 
teriorly for less than half its length. Pelvic rays 
faintly darkened near tips. Pectoral clear. 

Color faded in preservative. Two lateral bands 
a slate blue with dark brownish-black margins; 
red interspaces faded to a dead, light grayish- 
white. 

The name ewaensis is given in reference to 
Ewa, the district of Oahu adjacent to the place 
of capture. 

Discussion: The discovery of this species in 
Hawaiian waters serves both to demonstrate fur- 
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er the basic affinity of the Hawaiian ichthy- 
yuna with that of the Indo-Australian faunal 
rovince for which, of course, a redundancy of 
roof exists, and to indicate the marginal posi- 
on of the Hawaiian ichthy-fauna in that 
ovince. The genus Petroscirtes has member 
cies widely distributed throughout the west- 
n tropical Pacific, but aside from one dubious 
ecord [Fowler’s remarks on Petroscirtes fila- 
yentosus (Valenciennes) (1928: 428)} no 
nembers of the genus have yet been reported 
om Hawaiian waters. The discovery of P. ewa- 
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ensis establishes the existence of Petroscirtes in 
the Hawaiian portion of the Indo-Australian 
fauna province, but as it is a new species and 
hence never reported from any other portion of 
the province, this fact may be another bit of 
evidence of the relative isolation of the Ha- 
waiian portion of that province. 


REFERENCE 
FOWLER, HENRY W. 1928. The fishes of 


Oceania. iii+540 p., 82 fig., 49 pl. Bernice 
P. Bishop Mus. Mem. 10. Honolulu. 
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Fishes Taken in Wellington Harbour ho! 


THIS RECORD of the fishes of Wellington Har- 
bour is the result of a series of notes collected at 
intervals during a period of over 20 years. My 
first paper (New Zeal. Jour. Sci. and Technol. 
1(5): 268-271, 1918) supplies a record of the 
edible fishes of Wellington; and to this, addi- 
tions have been made in subsequent papers. 
This summary of fish fauna deals exclusively 
with fishes recorded from the harbour, and does 
not by any means claim to be a complete record; 
for we doubtless have many aquatic visitors who 
do not remain for any length of time. 

The climate of Wellington is very variable; 
but the temperature of the harbour water re- 
mains relatively constant unless the summer is 
consistently warm, when all sorts of northern 
species such as John Dory, Zeus faber, and 
northern mullet, Mugil cephalus, invade our 
waters. It also is well to remember that we are 
dealing with shoals of fishes which are anything 
but consistent in their appearance and are at 
the mercy of a variable and ever-changing food 
supply, so that species recorded in a given year 
may not be seen again for a comparatively long 
period. The residual fish fauna of the harbour 
is, I think, small. Herring, Agonostomus fors- 
teri, are the most common species, and next to 
these the spotties, Psewdolabrus celidotus, which 
are found in abundance in many localities. 
Shoals of larger fishes, notably kahawai, Arripis 
trutta, and barracouta, Thyrsites atun, prey on 
these smaller fishes in the summer months. 

It is probable that the relative abundance of 
fish life in the harbour is on the decrease. The 
traffic of large vessels at the wharves appears to 
have reduced the number of fishes in that area; 
and the fishing grounds off Seatoun and Worser 
Bay are either fished out or now partly deserted. 


1. Geotria australis Gray. Lamprey. 


In the “piharau stage” this lamprey lives in 
Wellington Harbour until it is well over 1 foot 
long, and then migrates up the Hutt River to 
spawn. Several specimens of a very beautiful 
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green-blue colour have been taken by the Peto 
fishermen off Somes Island and forwarded @).Coel 


the Dominion Museum for identification. Ja 
2. Notorhynchus pectorosus (Garman). f Occasi 
Seven-gilled Shark. ona Ba 


This species appears in the harbour at irreggll. Mac 
lar intervals. It is probable that it enters og W 
in pursuit of small fishes. Only two specime 





have been examined. (Phillipps, New Ze Occas 
Dominion Mus. Rec. 1(2): 5, 1946). nd 
3. Eulamia brachyurus (Giinther). Whal ?. Mer! 

This is a species that is rarely taken in t _ 


harbour. In the Dominion Museum there is 
cast of a specimen a little over 9 feet long frogs. Phy 
off Somes Island. R 


One 


Sometimes small skates are taken by fishepted, 
men off Rona Bay. 4 Zeu 


5.Callorhynchus milii Bory. Elephant Fis§ Speci 


Some years ago a small elephant fish 1 and i 
taken off Rona Bay and sent to the Museum fi phx 
identification. This species, so abundant i 
Otago Harbour, is almost unknown north ¢ 
Cook Strait. 


4. Raja nasuta Muller and Henle. Skate. 





This 
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6. Sardinops neopilchardus (Steindachner J 
Pilchard. ; 


A note on the occurrence of this species) 
Wellington Harbour is given by me in Na This 
Zeal. Jour. Sci. and Technol. 7(3): 191, 192qmt ne’ 
Shoals enter the harbour in the winter, abo} p, 
August, and are indicated by the diving of gue, 
nets. : 
This 
ona | 


Pel 








7.Gonorhynchus gonorynchus (Linnaeus 
Sand Fish. 


This species is sometimes taken off Rona Bi 
and specimens are occasionally forwarded to tg °™ 
Museum for identification. The sand fish map 4. 
be quite common as it escapes the drag net 
burrowing. 
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3 Leptocephalus conger (Linnaeus). Conger 
Eel. 


The conger eel is not uncommon off East- 
purne in February. 


) Hippocampus abdominalis Lesson. Sea- 


horse. 


Several specimens have been taken close to 


we iental Bay. 
eto 0 


ed ).Coelorhynchus australis (Richardson). 
Javelin Fish. 


). P. Occasional examples have been taken off 
ona Bay and forwarded to the Museum. 


tree. Macruronus novae-zelandiae (Hector). 
$ On Whiptail. 
1m 


7% Occasionally, young are taken in the early 
ner months. 


Thal 2. Merluccius gayi (Guichenot). Whiting. 


in ty 
€ is 
; frog 


| Occasional examples have been taken in the 
rbour. 
}.Physiculus bachus 
Red Cod. 
:. — One or two small specimens have been re- 
fsheported, but the species is rare. 
4. Zeus faber Linnaeus. John Dory. 
Fig} Specimens are occasionally taken off Somes 
1 wiiland in the summer months. 


- . }.Rhombosolea plebeia (Richardson). Sand 
* f Flounder. 


(Bloch and Schn.). 


This species is taken off Seatoun and Rona 


by throughout most of the year. 
ner | 


6.Rhombosolea leporina Giinther. Yellow- 
ies belly. 
“Nef This flounder is caught with sand flounders, 
192@t never in any quantity. 


f ).Peltorhampus novae-zeelandiae Giinther. 
. Sole. 

This species is taken in small numbers off 
2eus ona Bay. 


. Pelotretus flavilatus Waite. Lemon Sole. 
Small numbers are taken off Rona Bay. 


a Ba 
to th 


| ™). Agonostomus forsteri (Cuv. and Val.) 


Yellow-eyed Mullet. 
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This mullet is popularly called “herring”; and 
in North Auckland it is called “sprat.” Young 
are common throughout the year in both brack- 
ish and salt water. 


20. Mugil cephalus Linnaeus. Northern Mullet. 


Small numbers are taken at Rona Bay during 
periods of warm weather. 


21. Seriolella brama (Giinther). Warehou. 


Warehou are taken just inside the harbour 
“Heads” in the spring months. 


22. Polyprion oxygeneios (Bloch and Schn.). 
Hapuku or Groper. 


Mr. J. Patterson informs me that he saw small 
groper taken off Wellington wharves in the 
1890's. They now are rare inside the harbour 
entrance. 


23. Longirostrum platessa (Cuv. and Val.). 
Trevally. 


The trevally is taken during summer in sev- 
eral parts of the harbour, but mostly near the 
entrance. 


24.Trachurus movae-zelandiae Richardson. 
Horse Mackerel. 


This species is fairly common in warm wea- 
ther but disappears during winter. Mr. J. Pat- 
terson informs us that in the 1890's this was a 
common species around Wellington wharves. 


25. Seriola lalandi Cuv. and Val. Kingfish. 


The kingfish apparently follows pilchards and 
other fishes into the harbour. It is caught by line 
fishermen off Kaiwarra and Ngahauranga, and 
taken by Petone fishermen off Somes Island. It 
is a difficult fish to catch, and small specimens 
are the rule. 


26. Arripis trutta (Forster). Kahawai. 


In the summer months this species is not un- 
common in the harbour, where with kingfish it 
follows shoals of smaller fishes. 


27. Pagrosomus auratus (Forster). Snapper. 


At intervals throughout part of the year snap- 
per may be taken in southern parts of the har- 
bour. 


28. Scorpis violaceus (Hutton). Maomao. 


The first maomao described was taken in 
Wellington Harbour (Hutton, New Zeal. Inst., 
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Trans. and Proc. 5: 261, 1873). On March 9, 
1941, Mr. B. P. R. Phillipps, fishing at Kaiwarra, 
caught the second reported specimen. This was 
a small maomao, 147 mm. long, and 60 mm. 
high at the anal origin. There were traces of 
blue on the body and red along the lateral line. 
The radial formula is D.10+28; A.3+28; 
V.1-+-5. It is quite possible that this species is 
a great deal more common in Wellington Har- 
bour than is indicated by the paucity of reported 
specimens. 


29.Dactylopagrus macropterus (Forster). 


Tarakihi. 
This species sometimes is taken in southern 
portions of the harbour. 
30. Latridopsis ciliaris (Forster). Moki. 


Moki sometimes are caught in the harbour 
but are said to be not nearly so common as they 
were 40 years ago. 


31. Pseudolabrus celidotus (Forster). Spotty. 
The spotty is more or less common in rocky 

localities around the edge of the harbour. 

32. Parapercis colias (Forster). Blue Cod. 


Small numbers are taken by amateur fisher- 
men in certain years only. About January, 1946, 
a small example (about 1 foot long) was taken 
off Wellington wharves by Mr. B. P. R. Phil- 
lipps, the only specimen I have seen taken in 
recent years. 


33. Thyrsites atun (Euphrasen). Barracouta. 


Formerly, the barracouta was common in the 
harbour, but is not fished for now to any extent. 


34. Jordanidia solandri (Cuv. and Val.). Hake 
or Southern Kingfish. 


The hake is taken during February and some- 
times in March, but is not common. 


35. Acanthoclinus quadridactylus (Bloch and 
Schn.). Taumaka. 
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This species is rare in the harbour. Soq 
years ago Mr. W. O. S. Phillipps caught a |; 
specimen when line-fishing at Pipitea Point, 





ilaued 

36. Hemerocoetes waitei Regan. om tl 
This species has occasionally been taken - 
drag nets in the vicinity of Eastbourne. * of 
37. Tripterygion varium (Forster). Coc,gment 0 
bully. resem 

o the 


A type which eventually may prove to be nitim of 
has D.7+23+-15; C2+11+2; A.29; Pitiest. ’ 
V.2; and 30 raised scales in the lateral Jiqqgo hou 
However, much comparative material on iypbsers 
species is required before we can determine iqyo!ca™ 
limits of its variation. tation 


Heys s 
38. Congiopodus leucopaecilus (Richardsosfgnd el: 


Pig Fish. ifated 
Holcan 








Occasional small examples have been olog 


into the Museum from Rona Bay fishermen. Birher : 
39. Chelidonichthys kumu (Lesson and Gj he 
treng 

hich 


not). Red Gurnard. 
Small numbers were taken off Seatoun : 





Rona Bay. go the 
, ’ ' ppearly 
40. Diplocrepis puniceus (Richardson). Th 
Sucker. Abilis! 


This species has been recorded at Seatoun| wi i 
Dr. W. R. B. Oliver. ay 
41. Trachelochismus littoreus (Forster). |fhuse 
fi 

arne 
he n 


ony 







This is another species recorded at Seato 
by Dr. Oliver. 


42.Cantherines scaber 
ntl 
Jacket. one 


The common leather jacket occasionally fects 
taken in the harbour, small specimens arriviggWea 
at the Museum for examination every few yea 
—wW. J. Phillipps, Dominion Museum, Wagtans 
ington, New Zealand. Be | 

uris 
ati 
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HE HAWAIIAN VOLCANO OBSERVATORY, at 
jlauea Volcano, Hawaii, has been transferred 
om the National Park Service to the United 
rates Geological Survey. The change was made 

December 28, 1947, by order of the Secre- 

of the Interior. The larger part of the equip- 
Cockigment of the Observatory will be moved from its 
resent location in the Park Naturalist Building 
» the now unused Uwekahuna Museum on the 
im of Kilauea Crater about 2 miles farther 
P.@west. The museum building will be remodeled 
» house the shop, laboratories, and office of the 
Dbservatory, which will continue its study of 
Bpolcanic processes, and will serve as a training 


ine t : A . P 
tation in connection with the Geological Sur- 
ey's studies of volcanic regions in the Pacific 
-dsonfiand elsewhere. The Volcano Observatory is dedi- 


Hated to the measurement and observation of 
Holcanic behavior and carries on studies in seis- 
ology, geomagnetism, chemistry, physics, and 
bther fields related to volcanic activity. Students 
»f volcanology and local friends of the Observa- 
ory will applaud these plans to continue and 
rengthen the work of this scientific institution 
in afwhich has been one of the pioneer contributors 
o the understanding of volcanoes during its 
early 40 years of existence. 
The Hawaiian Volcano Observatory was es- 
blished in 1912 as an outgrowth of prelimi- 
hary visits by Dr. T. A. Jaggar and Dr. R. A. 
Daly. The bulk of the interest and support for 
he work before 1912 came from the Massa- 
r). pehusetts Institute of Technology, with some col- 
aboration by the Geophysical Laboratory of the 
arnegie Institution and others. Dr. Jaggar was 
he moving spirit in establishing the Observa- 
eatmory in 1912, and was its director from 1912 
Motil his retirement in 1940. In 1919 the Ob- 
Bervatory was transferred from the Massachu- 
ally (Betts Institute of Technology to the U. S. 
rriviggW eather Bureau, and thence in 1924 to the 
ye. S. Geological Survey. In 1935 it was again 
Wamtansferred, this time to the National Park Serv- 
ce, and thus it came under the administrative 
Jurisdiction of the Superintendent of the Hawaii 
ational Park, which had been created in 1916. 
During his earlier visits to Hawaii, Dr. Jaggar 
hhad enlisted the interest of various residents of 
he Territory, and in 1911 the Hawaiian Vol- 
%ano Research Association was organized. The 
Preliminary studies and the regular work of the 
Observatory have had substantial, at times vital, 
Support through subscription by various mem- 
bers of this local organization. Many of the 
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Transfer of Hawaiian Volcano Observatory 


special projects of the Observatory, as well as 
fellowships, special or part-time assistance, and 
expenditures for housing and other equipment 
have been made possible through the continued 
interest and generosity of the Research Associa- 
tion. From time to time, the University of Ha- 
waii has supported volcanic studies at Kilauea, 
and for a number of years it has maintained two 
buildings near the present Observatory as office 
and laboratory quarters. Since 1940, Dr. Jaggar 
has been Research Associate in Volcanology on 
the University staff and has divided his time 
between Honolulu and Kilauea. 

The office and other facilities of the Ob- 
servatory occupied a building located on the 
northeast rim of Kilauea Crater from 1912 until 
1940. There were supplementary buildings 
near-by and over 20 years ago the Research As- 
sociation provided a fireproof building to house 
important accumulated records. In the early part 
of 1940, the Volcano House, hotel for visitors 
to the volcano and the Park, was destroyed by 
fire. Plans for a new hotel, developed by Park 
officials, called for its contsruction on ground 
overlapping the existing Observatory, and for a 
new observatory and naturalist building not far 
away. The construction of the latter building 
and the moving of the equipment had not been 
completed when the Pacific war broke out. Be- 
cause of its disordered state of incompleted 
moving, the immediate occupation of the partly 
completed Observatory building by various units 
of the armed forces, and the curtailment of nor- 
mal Park activities in favor of war work, the 
Observatory had truly a difficult time during 
much of the war period. 

Ruy H. Finch became volcanologist and di- 
rector in 1940 after many years of earlier work 
at Kilauea and in related volcano work in Cali- 
fornia. With only meager assistance he was 
able to continue the most essential seismometric 
and other observations and in some measure to 
protecc the equipment and records against a 
variety of natural enemies and the hazards of 
war-time confusion. From the necessarily low 
level of operation maintained during the war, 
the return to an effective program of study has 
been partly accomplished. It is expected that the 
present transfer to the Geological Survey, with 
its growing program in the Pacific area and its 
fundamental interest in the study of volcanoes, 
will result in a period of renewed growth and 
accomplishment by the Hawaiian Volcano Ob- 
servatory—Chester K. Wentworth. 
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Interbreeding of Laysan and Black-footed Albatrosses 


ROTHSCHILD (The avifauna of Laysan and the 
neighboring islands, p. 292, 1893) recorded a 
single specimen of albatross which he regarded 
as a cross between Diomedea nigripes and D. 
immutabilis. In May, 1945, on Midway Island, 
I noted a nigripes and an immutabilis feeding 
the same partly fledged young. Because of this, 
I made a particular search for further evidence 
of interbreeding when I again visited Midway 
in December, 1946. 


On Eastern Island of Midway on December 
30, 1946, an apparent hybrid was observed for 
40 minutes, and kodachrome pictures were made. 
This bird was nigripes in color except for white 
underparts on the body extending forward to 
the anterior part of the breast. Its behavior, 
however, was like that of zmmutabilis; the head 
was carried high in walking—not extended for- 
ward and low as is customary for nigripes. It was 
standing in a mixed group on a sand dune near 
the beach. 

In two different places on the beach of Sand 
Island, Midway, a nigripes and an immutabilis 


The Poisoning of Bufo marinus by the Flowers of the Strychnine Tre 


ON May 9, 1947, a paralyzed toad, Bufo 
marinus, was picked up beneath a large 
strychnine tree, Strychnos nux-vomica, growing 
on the grounds of the Territorial Board of 
Agriculture and Forestry. This toad would be- 
come convulsed, with the fore and hind legs 
stiffly extended in a muscular spasm, whenever 
it attempted to move or was touched. Any 
stimulus above or along the spine was especially 
effective in causing such a spasm. 

The animal was anesthetized by an injection 
of sodium pentobarbital and the stomach dis- 
sected out. On opening the stomach, the follow- 
ing material was found: one snail, two ants, two 
cockroaches, one small beetle, one small uniden- 
tified leaf, and ten flowers of Strychnos nux- 
vomica. 
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were present at a single nest isolated from t 
rest of a migripes colony. In both instances 
Laysan Albatross was incubating an egg, af 
the Black-footed Albatross was resting alon 
side. A subsequent visit to one of the neh 
revealed a nigripes incubating the egg and @ 
immutabilis standing near-by. 

Still another mixed pair was observed, on ty 
beach on December 31, rubbing the bills togethe 
and stroking the feathers of the neck. Oca! 
sionally one or the other would execute song 
movements of the dance typical of its specieg 
but the couple never did perform at the sanf 
time. No nest was present here. 

It seems likely that interbreeding of they 
species is more frequent than is usually believe 
This may not be surprising in view of the sin! 
ilarity in size, structure, and habits, and the ove 
lap of nesting colonies on crowded islands- 
Harvey I. Fisher, Department of Zoology ai 
Entomology, University of Hawaii, Honoluls 
Hawait. 


It would appear probable, judging both frog 
the symptoms and the presence of Strychm 
nux-vomica flowers in the stomach, that thet 
was suffering from strychnine poisoning. Arn 
reports the fatal poisoning of Bufo marinus: 
this fashion and speculates on the reason fi) 
the ingestion of the Strychnos flowers by 
toad (Arnold, Harry L., Poisonous plants — 
Hawaii, 71 p., 24 pl. Tongg, Honolulu, 194) 
It is possible that such ingestion by the tom) 
reported here was adventitious while feedi 
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fallen from it—Vernon E. Brock, Director, Dist 
sion of Fish and Game, Territorial Board 4 
Agriculture and Forestry, Honolulu, Hawaii. 





